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SECTION 1

INTRODUCTION & SUMMARY

1.1  PURPOSE AND SCOPE
The purpose of this appendix is to present the feasibility level design for large scale

navigation improvements at the John T. Myers Locks & Dam site.  The appendix includes
preliminary engineering, design, schedules, and cost estimates.  These elements formed the basis
for the assessment of the costs and benefits associated with large scale navigation improvements
presented in the Main Report of the Feasibility Study.  The preliminary calculations and design,
which are summarized in this appendix, were completed to the feasibility level of detail.

1.2  STUDY AUTHORITY
Authorization for the Ohio River Mainstem Systems Study was given in the resolution

adopted by the Committee on Public Works of the U.S. Senate, dated 16 May 1955.  Further
authorization was given by a resolution adopted by the U.S. House of Representatives
Committee on Public Works and Transportation on 11 March 1982.

On 29 September 1995, the Louisville District Corps of Engineers gave INCA Engineers,
Inc. notice-to-proceed on work for Contract No. DACW27-95-C-0126 for Preparation of
Engineering Appendices to the Ohio River Mainstem Systems Study Feasibility Report.  This
work was accomplished in conjunction with the Louisville District staff.

1.3  DESIGN APPROACH
Two prototype designs were developed for expanding lock capacity along the Ohio River

Mainstem System. The first design was for an extension of the existing 110' x 600' lock
downstream to form a 110' x 1200' lock.  The second design was for a new 110' x 1200' lock
immediately landward of the existing 110' x 600' lock.  In addition, alternate configurations of
lock components were explored, including alternate inlet and outlet layouts.  After reviewing and
evaluating all alternatives, innovative design layouts (which incorporated fast fill/empty systems
and could be utilized at a number of sites along the Ohio River Mainstem) were chosen for the
two prototype designs.  In order to develop these prototype designs, the John T. Myers site was
chosen as the prototype site.
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Based on subsequent economic analyses, the John T. Myers and Greenup sites were
selected for site specific improvements.  Once these sites were selected, the prototype designs
were further developed in order to provide feasibility level of detail.  As a result of continued
engineering and economic studies, it was determined that the design consisting of an extension
of the existing 110' x 600' lock was a preferred alternative.  Several different implementations of
the 600’ lock extension design were considered, including phased construction alternatives.  The
following 600’ lock extension design plans were considered:

•  Plan 1 – Auxiliary Lock Extension
•  Plan 1A – Phase 2 of Plan 1, Construct Supplemental F/E System
•  Plan 2 – Auxiliary Lock Extension with Modifications
•  Plan 3 – Auxiliary Lock Extension with Culverts
•  Plan 4 – Auxiliary Lock Extension, Phased Construction

Drawings 1.3A – 1.3F show the overall layouts of these five 600’ lock extension plans.
Cost estimates are also provided for the five plans.  The engineering appendix describes Plan 3,
which provides for the construction of a full 1200’ (minimum) lock by the extension of the
existing 600’ lock and provides for full filling and emptying systems.  Design and construction
schedules are also provided for Plan 3.

Information that pertains to preliminary alternate configurations, as well as general
information that pertains to the Ohio River Mainstem, can be found in the Main Report and the
General Engineering volume.

1.4  DESCRIPTION OF RECOMMENDED
ALTERNATIVE

In the process of selecting the recommended alternative, numerous plans and designs
have been examined. Once it was determined that an extension of the auxiliary 600’ lock
chamber was preferred over a new landward 1200’ lock chamber, the engineering team decided
to concentrate their efforts on Plan 3.  However, variations of the lock extension design were
investigated in order to determine the preferred implementation of the auxiliary lock extension
alternative.  Plan 3 contains all of the design features that were under consideration for an
extension of the 600’ auxiliary lock with filling and emptying features.  As described in the Main
Report, Plan 3 was chosen as the recommended alternative.  This plan calls for extension of the
existing 600’ lock to a minimum of 1200’ lock length, with a supplemental fill/empty system.

Plan 3 provides for the extension of the existing 600’ lock, downstream of the existing
structures, to form a minimum of a 1200’ lock.  This extension is accomplished by demolishing
existing land wall monolith L-1, extending the existing land wall with a 463-foot long float-in
monolith, and adding a downstream float-in miter gate bay monolith.  The existing 600’ lock
chamber fill/empty system will be augmented in order to maintain the approximate fill/empty
time of the existing lock chambers.  The supplemental fill/empty system consists of a culvert
which wraps around the existing lock land wall, is incorporated into the new float-in land wall
extension, splits into laterals, and empties into the lower approach using a landside wall diffuser
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outlet.  A culvert-type intake, which was developed and modeled for the Robert C. Byrd Locks
& Dam, is used for the fill/empty culvert inlet.  The culvert inlet and wrap around culvert
construction requires relocation of the existing upstream mooring facility.  The new inlet valve is
also located along a portion of the wrap around culvert, in a stand-alone valve monolith. Four
new approach walls are required for the 600’ lock extension alternative design.  The overall
layout for Plan 3 is shown in Drawing 1.3D.

1.5  SUMMARY OF COST ESTIMATE
AND LOCK CLOSURES

The following table and figure summarize the feasibility level cost estimate and the required lock
closures for the recommended design alternative.

TABLE 1.5A
Summary of Cost Estimate

(Cost in Millions)
Recommended Alternative

Plan 3
Construction Cost

 Including Contingencies $139.2

Fish & Wildlife $4.6

PED
(Preconstruction Eng. & Design)

$19.8

Construction Management $9.5

Total $173.1

This is a feasibility level cost estimate, which includes line item costs for PED, environmental
mitigation for fish & wildlife, and construction management.  Future studies will refine this cost
estimate and reduce the associated contingencies.  However, Table 1.5A provides feasibility
level costs, for relative comparisons of this alternative with others that were considered, as well
as a reasonable baseline for future design phases.  See Section 21 for detailed MCACES cost
estimate summaries.

Figure 1.5A provides a graphical overview of required lock closures and helper tug durations.
More detailed information pertaining to lock closures and associated tasks is shown in the
construction schedule and Table 22.2A.



Timescale in Months
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33

Existing 600' Lock

1200' Lock

Helper Tug Required

FIGURE 1.5A
Summary of Lock Closures and Helper Tug Requirements

During Construction 

Plan 3 - Recommended Alternative

Chamber Open for Traffic

Full Closure of Chamber

Simultaneous Closure of Both Chambers

Helper Tug Required

Legend

H:\JOBS\95056\STRUCT\ADMIN\REPORTS\ENGAPP\99SUBMIT\ChamberClosures.xls[Fig 1.5A]
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SECTION 2

HYDROLOGY AND
HYDRAULICS

The General Engineering volume provided a number of general hydrology and hydraulics
topics, which referred to the entire Ohio River basin.  Some of these topics included drainage
areas at gaging stations, tributaries, etc. and the location, area controlled and impounding dates
of lake flood-control projects.  Other data, such as temperature and precipitation, was provided at
a sample station in each district.  Likewise historical and frequency flood profiles were shown
for a sample reach in each district.  The sample data are replaced by site-specific data for the
John T. Myers project in this Site Engineering Appendix.  Additional pertinent hydrology and
hydraulic data are included in order to aid in the scheduling of construction activities.

2.1  BASIC DATA
John T. Myers Lock and Dam (formerly known as Uniontown) is located on the Ohio

River at Mile 846 which is about 2 miles upstream from where the states of Kentucky, Indiana,
and Illinois meet.  The drainage area at the damsite is 108,000 square miles.  The Wabash River,
having a drainage area of 33,100 square miles, forms the southernmost portion of the state line
between Indiana and Illinois.  J. T. Myers L&D is located between Newburgh L&D upstream
and Smithland L&D downstream, and is part of the lower Ohio River navigation system.  Table
2.1A provides basic and hydraulic characteristics of  the locks in this reach of the Ohio River.
Table 2.1B shows the drainage areas and location of tributaries and other features for the lower
part of the Ohio River.  The City of Evansville, Indiana is located about 30 miles northeast of the
J. T. Myers dam site.  Tables 2.1C and 2.1D provide Evansville temperature and precipitation
data respectively for the period 1961-1990 and extreme conditions for the period 1896-1996.



                       TABLE 2.1A
 OHIO RIVER MAINSTEM       HYDRAULIC CHARACTERISTICS OF LOCKS

  McALPINE CANNELTON NEWBURGH   J T MYERS SMITHLAND  OLMSTED
GENERAL (L/D 41) (Uniontown) (Dog Island) (Under Construction)
River Mile 606.8 720.7 776.1 846 918.5 964.4
District Louisville Louisville Louisville Louisville Louisville Louisville
In-Service Date 1961-2003 1971 1975 1975 1979 2008 (Scheduled)
Upper Pool Elevation 420 383 358 342 324 295-301
Lower Pool Elevation 383 358 342 324 302 Uncontrolled
Lift (ft) 37 25 16 18 22 21 (Nominal)
Top/Lock Elevation 443 402 380 362 344 310
Lock/Out Elevation 440 399 377 359 341 295-301

LOCK SIZES
Main Lock 1200' x 110' 1200' x 110' 1200' x 110' 1200' x 110' 1200' x 110' 1200' x 110' 
Auxiliary Lock 1200' x110' (2003) 600' x 110' 600' x 110' 600' x 110' 1200' x 110' 1200' x 110' 

FILLING/EMPTYING SYSTEM
Main Lock     Type Split Lateral (Existing) Side Port Side Port Side Port Side Port Side Port 
                                  Culvert Size 16' x 18' 16' x 18' 14' x 16' 14' x 16' 14' x 18' 14' x 18'
                                  Operating Valves Reverse Tainter Reverse Tainter Reverse Tainter Reverse Tainter Reverse Tainter Reverse Tainter
                                  Discharge Location River - Direct River - Direct River - Direct River - Direct River - Direct River - Direct
                                  Depth Over Sill 18.0'U - 12.0'L 15.0'U - 15.0'L 18.0'U - 16.0'L 20.0'U - 16.0'L 34.0'U - 15.0'L 34' to 40'U - 18'L
Aux Lock       Type Central Culverts (UC) Bottom Lateral Bottom Lateral Bottom Lateral Side Port Side Port 
                                  Culvert Size 16' x 18' 16' x 18' 14' x 16' 14' x 16' 14' x 18' 14' x 18'
                                 Operating Valves Reverse Tainter Reverse Tainter Reverse Tainter Reverse Tainter Reverse Tainter Reverse Tainter
                                 Discharge Location Lower Approach River - Direct River - Direct River - Direct River - Direct River - Direct
                                 Depth Over Sill 18.0'U - 16.0'L 15.0'U - 15.0'L 18.0'U - 16.0'L 20.0'U - 16.0'L 34.0'U - 15.0'L 34' to 40'U - 18'L

APPROACH WALLS (Upper Approach in Canal)
Main Lock -   Upper Wall
                                    Type Guard (Ported) Guard (Ported) Guard (Ported) Guard (Ported) Guard (Ported) Guard (Floating)
                                     Length (Useable) 1010' 1188' 1190' 1198' 900' 900'
                              -  Lower Wall
                                    Type Guard (Ported) Guard (Solid) Guard (Solid) Guard (Solid) Guard (Solid) Guard (Floating w/ Curtains)
                                     Length (Useable) 1094' 1002' 1009' 998' 1050' 852'
Aux Lock    -     Upper Wall
                                     Type Guide Guide Guide Guide Guard (Ported) Guard (Floating)
                                      Length (Useable) 390' 430' 310' 310' 600' 767'
                            -      Lower Wall
                                     Type Guide Guide Guard Guard Guide Guide (Fixed)
                                      Length (Useable) 600' 439' 426' 448' 450' 359'

NAVIGABLE WEIRS
Type None None 1300' 2100' 1572' 1400' 
Length N/A N/A Fixed Fixed Fixed Boat Operated Wickets

REMARKS
NOTES:  "Useable" Length of approach walls means that length of wall available to an approaching tow for landing.  
                   "Depth over sill" means depth over highest feature in the approach, usually a bulkhead sill
                   "Aux Lock" refers to the landward 1200' lock at the McAlpine, Smithland and Olmsted projects.
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TABLE 2.1B   OHIO RIVER & TRIBUTARIES
DRAINAGE AREAS

   TRIBUTARIES    OHIO RIVER
   RIVER  DRAINAGE AREA DRAINAGE AREA
   MILE         LOCATION           (S.M.)           (S.M.)

      663.2 Dam 44 95,685

      703.0 Dam 45 96,260

      720.7 Cannelton Dam 96,700

      727.8 Tell City 96,750

      757.3 Dam 46 97,180

   755-757 Owensboro, KY 97,200

      776.1 Newburg Dam 97,690

      777.7 Dam 47 97,690

      784.2 Green River   9,230

      792.4 Evansville              107,000

      803.9 Henderson, KY              107,600

      809.6 Dam 48              107,600

      829.2 Mt. Vernon, IN              107,700

      845.0 Dam 49              107,965

      846.0 J.T. Myers  (formerly “Uniontown”)  Dam                       108,000

      848.0 Wabash River  33,100

      867.3 Saline River    1,170

      873.4 Tradewater River    1,000

      876.8 Dam 50              143,400

      903.1 Dam 51 (Golconda, IL)              143,900

      918.5 Smithland Dam

      920.4 Cumberland River 17,920

      934.5 Tennessee River 40,910

      938.9 Dam 52              202,830

      943.6 Metropolis, IL              203,000

      962.6 Dam 53              203,100

974.2 Mound City, IL

981.0 Mouth of the Ohio River              203,943



TABLE 2.1C
TEMPERATURE SUMMARY

Station: (122738) EVANSVILLE_WSO_AP Missing Data: 0% '=prior to 1900 NCDC Averages
Averages: 1961-1990 Extremes: 1896-1996 #Day-Max #Day-Min

Averages Daily Extremes Mean Extremes => <= <= <=
Max Min Mean High---Date Low---Date High-Yr Low-Yr 90 32 32 0

--------------------------------------------------------------------------------------------------------

Jan. 38.9 21.2 30.1 76 24/1943 -21 17/1977 43.9 33 14.8 77 0 7.6 22 1.3

Feb. 43.7 25.0 34.4 79 13/1962 -23 02/1951 46.3 32 21.0 78 0 5.1 19 0.6

Mar. 55.9 35.7 45.8 87 24/1929 -9 06/1960 57.2 10 30.2 60 0 1.1 12 0

April 67.4 45.0 56.2 91 26/1989 23 03/1987 62.9 25 47.8 7 0 0 2.0 0

May 76.9 54.2 65.5 98 28/1911 28 01/1963 74.4 62 60.3 24 1.5 0 0 0

June 86.2 63.3 74.8 104 26/1954 41 02/1956 81.1 52 69.3 55 9.2 0 0 0

July 89.1 67.5 78.4 111 28/1930 47 16/1930 85.1 36 72.8 47 15 0 0 0

Aug. 87.2 64.9 76.1 105 08/1930 43 29/1986 84.1 36 70.1 67 12 0 0 0

Sep. 80.7 57.6 69.2 104 06/1925 31 28/1942 78.3 25 63.2 74 5.2 0 0 0

Oct. 69.6 44.7 57.2 94 02/1953 21 22/1952 66.2 0 51.2 87 0.3 0 1.7 0

Nov. 55.9 36.5 46.2 83 02/1961 -3 25/1950 55.7 31 38.7 76 0 0.6 11 0

Dec. 43.6 26.7 35.2 77 02/1982 -15 22/1989 46.7 23 23.0 89 0 4.9 20 0.4

Annual 66.3 45.2 55.8 111 07/28/30 -23 02/02/51 60.8 21 53.8 79 43 19 88 2.4

Winter 42.1 24.3 33.2 79 02/13/62 -23 02/02/51 45.1 32 25.1 78 0 17 61 2.3

Spring 66.7 45.0 55.8 98 05/28/11 -9 03/06/60 61.6 77 50.3 60 1.6 1.1 14 0

Summer 87.5 65.2 76.4 111 07/28/30 41 06/02/56 82.2 36 72.3 67 36 0 0 0
Fall 68.7 46.3 57.5 104 09/06/25 -3 11/25/50 65.1 31 52.7 76 5.5 0.6 13 0
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TABLE 2.1D
PRECIPITATION SUMMARY

Station: (122738) EVANSVILLE_WSO_AP Missing Data: 0% '=prior to 1900
Averages: 1961-1990 Extremes: 1896-1996
Total Precipitation Snow #Days Precip

Mean High--Yr Low--Yr 1-Day Max Mean High—Yr =>.01 =>.50 =>1.
------------------------------------------------------------------------------------------------------

Jan. 2.66 14.78 37 0.51 81 3.72 22/1982 4.9 21.3 77 10.8 2.2 1.0

Feb. 3.12 7.25 56 0.27 47 3.00 13/1946 4.3 18.4 93 9.4 2.0 0.6

Mar. 4.71 12.84 64 0.01 10 4.25 9/1964 2.6 20.2 60 11.7 2.9 1.0

April 4.02 11.83 96 0.40 15 6.04 28/1996 0.5 8.6 71 11.6 2.7 1.0

May 4.75 13.51 95 0.59 13 4.92 17/1995 0.0 0.0 48 11.3 2.8 1.0

June 3.49 11.44 0 0.38 33 4.71 15/1900 0.0 0.0 48 9.8 2.5 0.9

July 4.04 10.32 10 0.18 1 4.75 1/1897 0.0 0.0 48 8.8 2.4 1.0

Aug. 3.11 8.43 77 0.13 43 3.77 10/1908 0.0 0.0 48 7.8 2.0 1.0

Sep. 2.97 9.89 45 0.25 28 4.39 20/1924 0.0 0.0 48 7.6 2.0 0.8

Oct. 2.87 11.19 10 0.01 64 6.50 5/1910 0.0 4.6 93 7.6 2.0 0.7

Nov. 3.73 9.24 21 0.20 4 3.52 18/1921 0.6 6.9 58 9.1 2.4 0.8

Dec. 3.67 8.23 82 0.56 76 4.87 30/1932 2.6 10.4 73 10.4 2.4 0.7

Annual 43.14 64.00 96 25.55 30 6.50 10/ 5/10 15.4 36.4 60 116.1 28.3 10.6

Winter 9.45 24.38 50 3.77 77 4.87 12/30/32 11.8 27.8 78 30.6 6.6 2.3

Spring 13.48 24.34 96 4.04 30 6.04 4/28/96 3.0 20.2 60 34.8 8.4 3.1

Summer 10.64 19.83 77 2.59 36 4.75 7/ 1/-3 0.0 0.0 48 26.5 6.9 2.9

Fall 9.57 17.64 96 2.95 63 6.50 10/ 5/10 0.6 6.9 58 24.2 6.4 2.3
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2.2  STAGE  AND/OR  DISCHARGE
FREQUENCY RELATIONSHIPS

The Corps of Engineers Lakes and Rivers Division (successor to the Ohio River Division
(ORD)) periodically provided to each district bordering the Ohio River, natural and modified
(reflecting reductions attributable to upstream lake projects) stage and discharge-frequency
curves at a number of gage locations along the river.  The updates resulted from additional lake
projects being added.  The last set provided were dated April 1976.  Since projects added since
that date have minimal effects on the data,  these curves are considered current.  Copies of these
curves with stage and discharge values are shown for various frequency of occurrence at the
Evansville gage (river mile 792.3) (Figure 2.2A) and at Lock & Dam 50 (river mile 876.6)
(Figure 2.2B).  These were the two closest gage locations to the J. T. Myers L&D at river mile
846.  These curves were based on maximum annual peaks only and did not include partial,
multiple yearly peaks in the statistical analysis.

The J. T. Myers L&D was authorized as a replacement for Locks and Dams 47, 48 and
49.  Construction of the lock portion of the project started in June 1965 and was completed and
placed in operation in December 1969.  Construction on the dam started in May 1970, the pool
raised to its final level in January 1975, and all construction was completed in 1977.  During this
same time period, Newburgh L&D was being constructed about 16 miles upstream of Evansville
to replace Locks and Dams 46 and 47.   Construction of the lock started in June 1966 and was
completed and placed in operation in December 1969.  Dam construction started in June 1970,
the pool was raised to its final level in January 1975 and all construction was completed in 1975.
Smithland L&D is located downstream from the J. T. Myers project on the Ohio River at stream
mile 918.5.  Lock construction was started in 1971 and completed in 1979.  The dam
construction was started in 1974 and completed in November 1980.

It was known that the April 1976 curves were basically correct for the 10% chance
exceedence flood frequency (commonly known as the 10-year flood) and less frequent floods.
Since there was not a gage at the location of the present Myers project before it was built, the
period-of- record was not long enough at that time to properly analyze discharges and stages for
more frequent flood events.

Within the last year, an analysis has been made to compare actual peaks that have
occurred since the present pools were established and compare the results to the 1976 Ohio River
curves developed in the Division Office.  Of special concern was the plotting of the partial
duration portion of the curve so that elevations of the more frequent occurrence floods could be
better estimated.  At the Evansville gage, the partial peaks for the 29-year period (1970-1998)
were plotted versus the Ohio River Division curve data, as shown in Figure 2.2A.  The stage-
frequency curve and discharge-frequency curve for the Evansville gage are shown as Figures
2.2C and 2.2D respectively and includes the blending of the annual events with partial duration
data.  Partial duration stage data  has been plotted with results from the HEC-2 model study for
the Ohio River at  J. T. Myers site since data has been collected.  These results are shown for the
upper gage and lower gage in Figures 2.2E and 2.2F respectively.

The analyses that have been made within the last year have been forwarded to the
Division Office for review and concurrence.  Ohio River data developed by the Division Office
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in 1976 generally provide smooth transitions when plotted with the partial duration data for
locations above the Wabash River.
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FIGURE 2.2A
LAKES AND RIVERS DIVISION (LRD)

STAGE & DISCHARGE FREQUENCY CURVES
OHIO RIVER AT EVANSVILLE, IN  (1976 UPDATE)
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FIGURE 2.2B
LAKES AND RIVERS DIVISION (LRD)

STAGE & DISCHARGE FREQUENCY CURVES
OHIO RIVER AT LOCK & DAM 50    UPPER GAGE   (1976 UPDATE)
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FIGURE 2.2C
STAGE FREQUENCY CURVE

OHIO  RIVER  AT  EVANSVILLE,  IND.
(Comparison of 1976 with 1998 Update)
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FIGURE 2.2D
DISCHARGE FREQUENCY CURVE

OHIO  RIVER  AT  EVANSVILLE,  IND.
(Comparison of 1976 with 1998 Update)
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FIGURE 2.2E
STAGE FREQUENCY CURVE

OHIO  RIVER  AT   T.  J.  MYERS  L  &  D  -  UPPER  GAGE
( UNIONTOWN  L  &  D )
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FIGURE 2.2F
STAGE FREQUENCY CUR VE

OHIO  RIVER  AT  T.  J.  MYERS  L  &  D  -  LOW ER  GAGE
( UNIONTOW N  L  &  D )
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2.3  FLOOD FREQUENCIES 

(SMITHLAND, J.T. MYERS POOLS) 
 
 
The April 1976 discharges for the Ohio River were the basis of the frequency profiles that were 
developed for the Ohio River.  The factors used to develop the HEC-2 model were verified by the 
reproduction of historical flood profiles utilizing the April 1976 ORD stage and discharge 
frequency curves.  Figures 2.3A and 2.3B show six historical flood profiles in the reach covering 
J. T. Myers  (labeled as Uniontown on the profile) Lock and Dam. Figures 2.3C and 2.3D show 
eight frequency profiles, ranging from a 1-year to a 500-year flood compared to the 1937 flood in 
the reach of J.T. Myers Lock and Dam.   Note that the two sets of plates are on different datums.  
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FIGURE 2.3A 
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FIGURE  2.3B 
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FIGURE 2.3C 
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FIGURE 2.3D 
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2.4  POOL HYDROGRAPHS 
 

Water was stored above the newly constructed J. T. Myers Dam starting in December 
1974 and the upper pool stage was reached in January 1975.  Table 2.4A shows this filling period 
as well as daily elevations of the upper pool for water year 1975. Figures 2.4B through 2.4X 
show the comparison of daily upper and lower pool levels for water years 1976 through 1998 
based on daily 7 A.M. gage readings. The datum of the upper pool gage is elevation 330.0 Ohio 
River Datum and the lower pool gage is elevation 312.0 Ohio River Datum.  The hydrographs 
have been summarized in Table 2.4A which provides the annual peak and all peaks above 
elevation 350.8 both chronologically and in order of magnitude for water years 1976 through 
1998 at the upper gage at the J.T. Myers lock as indicated on the hydrographs. The lower pool 
elevation data would be slightly lower because of the channel slope in the stream between the two 
gages (located less than a mile apart) and the swellhead through the dam.  Flood stage is 
considered to be at elevation 349.  These plots show that there is much more variation in the 
lower pool at the dam than in the upper pool.  Since the Smithland Dam was not completed until 
November 1980, there were J. T. Myers lower gage readings below elevation 324 until the 
Smithland upper pool was attained in late January 1981.  This fact will be reflected in the lower 
pool stage duration data in Section 2.5.  These pools provide critical information toward the 
constructability of the project because much of the work will be done in the lower pool for the 
lock extension.  The hydrographs differ from the stage duration data, which is discussed in 
Section 2.5, because hydrographs indicate the number of times an elevation is attained during a 
certain period of time. 
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TABLE  2.4A 
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FIGURE  2.4A 
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FIGURE  2.4B 
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FIGURE  2.4C 
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FIGURE  2.4D 
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FIGURE  2.4E 
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FIGURE  2.4F 
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FIGURE  2.4G 
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FIGURE  2.4H 
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FIGURE  2.4I 
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FIGURE  2.4J 
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FIGURE  2.4K 
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FIGURE  2.4L 
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FIGURE  2.4M 
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FIGURE  2.4N 
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FIGURE  2.4O 
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FIGURE  2.4P 
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FIGURE  2.4Q 
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FIGURE  2.4R 
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FIGURE  2.4S 
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FIGURE  2.4T 
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FIGURE  2.4U 



 

   
J.T. Myers & Greenup Locks Improvements – MYERS ENGINEERING APPENDIX Page 2-42 

 
 

 

FIGURE  2.4V 
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FIGURE  2.4W 
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FIGURE  2.4X 
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2.5  STAGE DURATION 
 

Stage duration data provides information concerning the number of days or percent of 
time that a particular elevation is equaled or exceeded.  This information is provided by a 
particular month or annually for the period of record shown.   Tables 2.5A and 2.5B show the 
number of days and percent of time a particular pool elevation is equaled or exceeded in J. T. 
Myers upper pool whereas Tables 2.5C and 2.5D provides the same information for the lower 
pool.  Figures 2.5A and 2.5B shows the data in graphical form for the tabular data for the upper 
and lower pools respectively.  Note that data are for water years 1976 through 1998. Data is not 
included for water year 1975 because the upper pool was in a transitional period.  However, note 
that pool elevation 360 was exceeded in April 1975 (as shown in Figure 2.4A), which has not 
happened again in that month through 1998. 
 

To better pinpoint the time to accomplish certain construction activities, Figures 2.5C and 
2.5D show the maximum elevation, the average for the 24 years of data for calendar year 1975 
through 1998, and the minimum elevation for each date in the calendar year.  
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TABLE 2.5B 
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2.6  LOCKSIM COMPUTER MODEL 
 
The recently developed computer program LOCKSIM was used to evaluate the performance of 
different filling systems for considered improvements to the 670-foot chamber at J.T. Myers 
L&D.  That program has the capacity to simulate flows, pressures and hydraulic gradients for all 
physical components of a filling/emptying system, including the water surface elevations at 
various points within the lock chamber itself.  By evaluating the time-histories of the water 
surface elevations at various points within the chamber, it is possible to quantify the hydraulic 
driving forces which are the principal component of the stresses on hawsers for tows moored in 
the chamber. 
 
In July 1996, Louisville District personnel conducted field studies on the existing 670-foot 
chamber at J.T.  Myers L&D.  Measurements of valve operating times and time-histories of the 
lock water surface were taken for several filling and emptying cycles.  The chamber was empty 
when these measurements were made.  The valve operating time was 120 seconds, and both the 
filling and emptying times were seven minutes.  Using this field data, it was possible to calibrate 
the various loss coefficients of the LOCKSIM model to closely reproduce the prototype data. 
 
The considered improvements to the auxiliary chamber at J.T. Myers L&D consist of an extension 
of that chamber to a nominal 1200 feet.  There are two general configurations of the 
filling/emptying system associated with this extended lock.  They are 1) an unaugmented system, 
in which the extended chamber is operated using the existing system without modification, and 2) 
an augmented filling/emptying system in which a new lateral field is incorporated in the 
downstream portion of the extended chamber.  Several different configurations of an augmented 
system were evaluated, and a system involving an auxiliary filling culvert was selected as the most 
practical.  The physical configuration of the emptying components was not finalized at the time of 
modeling. 
 
The calibrated J.T. Myers LOCKSIM model was modified to evaluate the filling system 
performance for an extended chamber using both an augmented and an unaugmented filling 
system.  The model was configured to provide the fastest possible filling time (and fastest valve 
operating time) consistent with the accepted standard of a 5 ton maximum hawser stress.  
Because of the uncertainties about the physical nature of the emptying system, no LOCKSIM 
evaluations of the emptying cycle were conducted. 
 
For an extended lock without an augmented filling/emptying system, the minimum valve time was 
found to be 4 minutes, and the lock chamber filled in 16 minutes.  When the extended chamber 
was evaluated with a supplemental system, the valve time was reduced to 2 minutes, with a 
chamber filling time of 8 minutes, 20 seconds.  Although the emptying cycles were not evaluated, 
experience indicates that for lock chambers in this lift range, the emptying times are very close to 
the filling times. 
 
The LOCKSIM model for the extended lock was also used to evaluate minimum pressures in the 
proposed supplemental culvert during the lock filling cycle.  This information was used to raise 
the profile grade of the supplemental culvert, thereby minimizing the required excavation for this 
structure.      
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2.7  FUTURE MODEL STUDIES 
 

The Waterways Experiment Station (WES)  has three ongoing research  programs that are 
of special interest to the hydrology and hydraulics effort associated with the Ohio River Main 
Stem Study.  These three studies all involve physical models.  A meeting was held in July 1998 
attended by WES, Lakes and Rivers Division and the three districts (Louisville, Huntington and 
Pittsburgh) involved in ORMSS at which the general configuration, status, and schedule for all 
three studies was discussed.  These studies are: 
 

Study  1)  The extended auxiliary lock filling/emptying system.  This is a model study by 
Jose Sanchez.  Sanchez is using the Greenup auxiliary lock as his model template.  The Greenup  
Lock and Dam feasibility study is being prepared concurrently with the John T. Myers study. 
Documentation of the hydraulic conditions with no supplemental culvert is underway and was 
scheduled to be completed by the end of fiscal year 1999.  A technical note of these research 
results should be published by January 2000.  Future research efforts will evaluate two 
supplemental culvert systems along the lines of those proposed by INCA Engineers, Inc. for the 
Corps of Engineers in this  study. As constructed, the model should be able to supply data for 
locks with 25 to 35 foot lifts, and the model can be modified to provide data on locks with lifts in 
the 16 to 25 foot range.  The lift at the John T. Myers Lock is 18 feet. 
 

Study 2)  The longitudinal in-chamber filling/emptying system.  John Hite is the principal 
investigator for this model. Experiments are being conducted in this model with the purpose of  
developing general guidelines for this type of system.  Various lifts and lock lengths together with 
such items as port locations, port spacings, extensions, etc. are being investigated. The model 
occupies the flume previously used for the McAlpine lock model.  The experimental program will 
be completed by the end of fiscal year 2000. 
 

Model results for both of these lock designs facilities will be used to determine filling time 
required with various head and submergence conditions. This would also provide verification of 
the LOCKSIM computer model and the actual tests made at projects made earlier in the ORMSS. 
 

Study 3)  Lock approach walls. The principal investigator for the research effort is 
Howard Park.  The purpose of the research work unit is to investigate and determine the 
hydraulic characteristics of guard walls to locks.  Model construction should be completed by 
October, 1999.   Three common approach walls will be investigated.  They are floating, multi-cell, 
and long-span.  Consideration could also be given to investigating an extended type or 
combination wall similar to those proposed on the Ohio River Mainstem.  Actual model testing 
will  begin as soon as  model construction is complete. 
 

An evaluation will be made to determine which site specific models and testing for the 
John T.  Myers project should be considered.  Any of the above three models or some other 
physical  model could be required depending on the design selected.  It is likely that funding for a 
navigation model will be needed in the next phase of the study so that results can be used in the 
design.  Another factor will be the lessons learned from construction of the Olmsted Locks      and 
the placement of its floating approach walls which should be in progress.  For additional 
descriptions of model studies required, see Section 23, Special Studies. 
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2.8  100-YR FLOODWAY 
 

There has been no official Federal Emergency Management Administration (FEMA) 
floodway determination in the area just upstream and downstream of the J.T. Myers Lock and 
Dam area.  The Louisville District of the Corps of Engineers (COE) made HEC-2 model runs for 
each of the six Ohio River pools in its district.  In the late 1980’s a Section 22 study was made to 
show the sensitivity of the floodway location for four levels of encroachments as requested by the 
State of Indiana. The study reach for each pool started just upstream of the project’s lock and 
stopped just downstream of the next upstream project’s lock. In the case of the Smithland pool 
study, it was stopped just downstream of the Wabash River.  The State of Indiana has generally 
used the 0.1 foot encroachment floodway developed from this study to regulate any proposed 
changes. COE personnel met with the State personnel in mid-1995 to discuss this project and 
requested their position. 
 

In an Indiana Department of Natural Resources (IDNR), Division of Water's 17 July 1995 
letter,  it was stated that a hydraulic assessment would be required only if the total floodplain 
cross sectional area obstructed by the project during a 100-year flood event is more than 5% of 
the pre-project area.  In an area similar to the J. T. Myers area where the flood plain exceeds a 
mile width for this flood event, the IDNR position was that the model would not be required. 
However this office stated there is no language within the Flood Control Act or the Navigable 
Waterways Act which exempts the federal government from the State’s permitting process. 
 

The main concern for this project is the permanent placing of spoil excavation material.  
Temporary  stockpiling of the material during construction should not be a problem. This has 
become a less critical item since a new 1200-foot lock is no longer being considered. The access 
road to the dam running basically perpendicular to the present project is considerably higher that 
the adjacent downstream land.  Also there are two areas downstream of the road that are 
extremely elevated above the road’s elevation.  They are the area of the present project office and 
visitor area and the old field office.  Any disposal area parallel to the Ohio River  and in line with 
these elevated areas would not decrease the present flow condition.  
 
 

2.9  EXISTING AND POST-PROJECT 
SEDIMENTATION 

 
Under present conditions, yearly dredging of material occurs mainly in the area of the 

lower approach to the 600-foot lock. at the J. T. Myers project.  Sedimentation results from the 
lack of use of the smaller lock and the small number of tows to move the sediment.  It is expected 
in the post-project condition that yearly dredging may not be needed and, with two 1200-foot 
locks having nearly equal use, that the amount of dredging may be less. There is a possibility that 
some material may have to be removed initially from the Indiana bank downstream of the 
landwall. This results from longer tows using the landside lock with a need to provide towboat 
maneuverability for approaching and exiting this lock.  The stability of this bank area will 
determine the magnitude of dredging in this area.  
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2.10  ENVIRONMENTAL 
CONSIDERATIONS 

 
Environmental engineering concerns have been addressed mainly with regards to the 

placement of spoil material.  These concerns were greatly diminished after consideration of a new 
landward 1200’ lock was eliminated.  Of the three sites being considered for deposition of spoil, 
the site given most consideration is adjacent to the proposed lock extension.  Most of the spoil 
would be placed downstream of entrance road to J. T. Myers, which is basically perpendicular to 
the project and forms a weir (because of its high elevation).  This area is shown on Drawing 8.3A.  
Indiana Department of Natural Resources (IDNR) currently leases some of the land defined by 
this area. 
 

Meetings have taken place where federal, state, and local officials have been made aware 
of proposed plans.  During future design phases, more detailed information will be made available 
to continue IDNR’s use of the land.  Another area which has been addressed is land in the 
downstream approach area which may need reshaping if model studies in the future show that 
more area is needed for large tows entering the landward lock for which tow size was previously 
limited by a 600’ lock.  This area is shown in Drawing 8.1.1A.  More details on the 
Environmental Engineering plans are addressed in Sections 7 and 13. 
 
 

2.11  WATER  QUALITY 
 

The Louisville District’s Water Quality Team operates a continuous monitor at J.T. Myers 
Locks and Dam between the months of May through October consisting of  temperature, 
dissolved oxygen, pH and specific conductance.  Ohio River Sanitation Commission (ORSANCO) 
provides monthly sampling at J. T. Myers Locks and Dam, and provides data on certain chemical 
parameters including solids, nutrients, metals, mineral constituents, cyanide, and phenolics.  These 
data are collected to support assessments of water quality conditions and trends. 
 

Overall water quality conditions in this area of the Ohio River should not be affected by 
Lock improvements at J. T. Myers.  Temporary changes in water quality caused by disturbance of 
sediments can be anticipated during the construction phase of the project; however, measures to 
minimize these effects are planned.  
 
 





J.T. Myers & Greenup Locks Improvements − MYERS ENGINEERING APPENDIX Page 3-1

SECTION 3

SURVEYING AND MAPPING
REQUIREMENTS

3.1  EXISTING SURVEY AND MAPPING
Original aerial photography of J.T. Myers site was taken in April 1993 to develop contour

mapping.  Two-foot contour maps were developed based upon the aerial photography.
Additionally, mapping of the J.T. Myers riverbed in the immediate vicinity of the project was
completed for Louisville District Operations Division in 1997.  Then, bathymetry mapping was
accomplished by merging soundings of the riverbed around J.T. Myers with the two-foot
countour topographic maps already developed.  A digital terrain model has been completed for
the site.

3.2  FUTURE SURVEY AND MAPPING
The J.T. Myers site was again flown for aerial photography in early 1999 to develop 1-

foot contours in the immediate vicinity of the project and its approaches.  The contour map will
be developed during fiscal year 2000.  Additionally, a larger surrounding area was flown in
anticipation of off-site mapping requirements for any potential disposal or environmental
mitigation areas required during construction.  Because the surrounding area was much larger,
the aerial photography was flown at a higher elevation.  Therefore, four-foot contours will be
developed for the areas surrounding the site.  These contour maps will be developed during fiscal
year 2000.  Additional funds will be allocated in future years for any necessary survey and
mapping needs as the project develops.
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SECTION 4

GEOTECHNICAL ENGINEERING

4.1  SITE GEOLOGY

4.1.1  Physiography
The project is located in the Western Kentucky Coal Field Physiographic Unit of

Kentucky.  The Western Kentucky Coal Fields form the southeastern portion of the Eastern
Interior Coal Field, which includes parts of Indiana and Illinois.  The topography adjacent to the
Ohio River occurs as broad, flat lowlands where alluvial deposits overlay bedrock.

4.1.2  Stratigraphy
In the area of the dam, there are 8 to 35 feet of gravelly sand overlying bedrock.  Top of

bedrock varies from elevation 286± to 304±.  Bedrock is comprised of the Pennsylvanian series
Sturgis (Lisman) formation.  A geologic column is presented in Figure 4.1A.  The Sturgis
formation is approximately 2,000 feet thick overall (350 feet thick locally) and predominantly
shale with thin coal beds, associated underclays, and occasional organic-rich shale. The shale is
dark gray to black, thin to medium bedded with localized silty and sandy laminations and
stringers.  These light gray to white sandy laminations are occasionally very common and locally
make up to 50% of the stone.  The coal seams are less than a foot thick while the underclay
ranges from 0 to 1.8 feet.  Occasionally, the coal seams are overlain by an overclay or organic-
rich shale up to 0.3’ thick.  Also, the Sturgis formation contains several members distributed
throughout, including the Madisonville limestone.  The Madisonville limestone is a light gray,
crystalline, very hard, medium bedded limestone with occasional fossils.  At the project area, the
Madisonville limestone varies from 0 to 8 feet thick and is typically at the top of rock column
when present.  A typical geologic column of the project site is presented on Figure 4.1A.
Approximate thickness and general descriptions are given in the columnar section.  A geologic
profile along the centerline of the existing landwall is presented in Drawing 4.1A.
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4.1.3  Geologic Structure
The project is located in an area of considerable faulting.  The Rough Creek fault

complex is a major structural feature in Western Kentucky.  It extends east-west from Illinois
into Kentucky some eight miles south of the dam.  The fault complex is a zone of intense
faulting up to several miles in width.  Both normal and high-angle reverse faults are common.
Displacements of up to 2,000 feet are found in the complex.  It is commonly believed that the
Rough Creek fault zone resulted from compression and breaking of an anticline and that it was
essentially a high-angle thrust fault accompanied by an echelon normal faulting.  The
Shawneetown-Uniontown faults are part of a system of sub-parallel normal faults closely related
to and intersecting the Rough Creek fault zone.  Maximum displacement of these faults are 400
feet.  It has been noted in mines and exposures that there has been very little drag effect along the
fault planes.  One of the Shawneetown-Uniontown faults cuts across the upper end of Wabash
Island, some 2,000 feet downstream from the dam axis.  The fault strikes northeast and has a
displacement of approximately 300 feet.  The smaller faults located under the lock and dam trend
to the north and have smaller faults which branch off at normal angles.  The displacement of
these project faults is approximately 20 feet at high angles, approximately 5-15° from normal.
The borings that crossed one of the faults revealed high angled, slickensided, and occasional soft
joints.

4.2  SUBSURFACE EXPLORATIONS TO
DATE

Numerous borings have been drilled at the J. T. Myers lock and dam site, for the design
and construction of the existing structures and for the proposed 600’ lock extension.  Borings
previously presented in Design Memoranda and as-built drawings are shown on Drawing 4.6A.
Borings drilled in late 1998 are shown in plan view on Drawing 4.6B, and the boring legend and
logs are presented on Drawings 4.2A through 4.2P.  Additional subsurface investigations will be
required prior to detailed design.

4.2.1  Boring Maps and Data
A total of 13 borings (AC-521, ADC-522 through 533) were made in the fall of 1998

along the landward portion of the proposed 600-foot lock extension site.  The holes were
staggered along three lines of borings as shown on Sheet 4.6B.  Eleven of the borings range in
depth from 70 to 150 feet.  One deep hole was drilled to 200 feet for stratigraphic information
and one boring was drilled to approximately 196 feet at a 40° angle from normal.  The angled
boring was the only boring to intersect the fault zone located at station 2+10 U.S. along the
landwall.  Drawings 4.2B through 4.2P are detailed logs of these borings.  The locations of the
borings are shown on Drawing 4.6B.
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FIGURE 4.1A 
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4.2.2  Test Sample Selection
After each 3.3-inch diameter core sample was collected, selected portions of the rock

core were wrapped in wax paper, cheese cloth, and waxed with paraffin to help the samples
retain as close to natural moisture content as possible.   These samples were then placed in the
core boxes with the rest of the boring and stored in a warehouse until District geologists could
re-examine each sample to determine testing suitability.

Once at the warehouse, each boring was laid out end to end to determine the basic rock
type and depth.  Each waxed portion was then cut open to determine if the sample would be
representative of the three basic rock types (limestone, shale, and coal).  If the sample was
selected for rock testing, it was re-wrapped in double plastic sheathing, taped, and labeled.  The
Direct-shear samples were then placed in coolers with packing materials and chemically-based
heat sources to keep the more delicate shale and coal samples from freezing during transport to
the laboratory in Lakewood, Colorado.  The triaxial and unconfined compression samples were
loaded in core boxes with packing material and delivered to the University of Kentucky, Mining
Engineering Lab, in Lexington, Kentucky.

4.2.3  Rock Mechanics Design Strengths
A total of 15 unconfined compression, 14 triaxial, and 19 direct shear specimens were

tested.  All specimens also had density testing conducted on them.  The following table Table
4.2A shows each lithology and tests conducted:

TABLE 4.2A
Rock Testing

Lithological
Types

# of Triaxial
Compression Tests

# of Unconfined
Compression Tests

# of Direct Shear
Tests

Limestone 0 3 0

Shale 14 12 17

Coal 0 0 2

The distribution of confining pressures and normal loads were based on the depth of the
engineering structures and lithological type and were determined to be a range of 30 psi to 90
psi.  The lower limit of the confining pressures were set by the capability of the testing
equipment

Unconfined Compression Testing - Unconfined compression testing was conducted as
per the ASTM D 2938-86 (RTH 111-89) method.  Each sample is trimmed to represent a 2:1
length:diameter ratio and run under a strain controlled load until failure.  The peak load at failure
is recorded and stress at failure is calculated.  The limestone samples had an average peak
strength of 16,560 psi.  The shale had an average peak strength of 1580 psi.
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Triaxial Compression Testing - Triaxial compression testing was conducted as per the
ASTM D 2664-86 (RTH 202-89) method.  Each sample was trimmed to represent a 2:1
length:diameter ratio.  They were placed in a chamber to impose a predetermined confining force
on the sample and run under strain controlled loading until failure.  The peak load at failure was
recorded.  The data was analyzed using p-q analysis techniques and linear regression to
determine the line of best fit for the p-q plot.  The shale had an average phi of approximately 70°
and a cohesion of 20 psi.

Direct Shear Testing - Direct shear testing was conducted according to the ASTM D 5607
(RTH 203-80) method.  Each sample is trimmed to approximately a four-inch height and
centered around the weakest plane found on the sample.  The orientation of the sample was such
that the failure would take place within a 1/16” shear plane and slide as unencumbered as
possible.  After shearing, the samples were then allowed to travel up to 0.5-inches on the shear
plane in order to obtain a sliding friction value.  These peak and sliding friction values are then
plotted versus the normal load.  The resultant best fit line determines a theoretical phi angle and
cohesion strength of the material.  These theoretical values were then adjusted based on
experience and knowledge of the local geology to account for losses during drilling, scale
effects, and testing procedures.

Past rock mechanic results were analyzed to determine the value of adding those to the
most recent results.  The test results from 1996 were determined to be of value due to the
consistent manner of sampling and the test methods.  However, the results obtained during the
1971 testing rounds were determined to be of little value, due to outdated test procedures.  Also,
the 1971 test specimens were divided into three shale types and three coal types.  After analyzing
the 1996 and 1998 data, there was no discernable difference between any of the shale results.
Therefore, the current shale results were consolidated into one lithological group.

After interpreting the rock mechanics data results from current testing and correlating
them with past testing data, design parameters were established. The following table, Table 4.2B,
contains the rock  strength parameters for use in general design in the area of the existing and
new lock structures for the J.T. Myers project.  Rock strength interpretation charts are presented
in Figures 4.2A through 4.2D.

TABLE 4.2B
Rock Design Strengths

Rock Unit φφφφ design c design Elevation

Shale 20° 5 psi General Design

Underclay 10° 0 psi Variable

Coal 20° 5 psi Variable

Limestone 20° 5 psi Top of Rock Intermittent

Cross-Bed Shear 40° 20 psi More than 5' into rock
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4.2.4  Soil Mechanics Design Strengths
Overburden materials found in the borings consisted of sands, clays, fill, and silts.  The

fill materials were generally consistent with natural soils of the site.  For design purposes the silts
were treated as clays at this level of design.  Design values were based on judgement,
experience, and the subsurface explorations performed to date.  Table 4.2C depicts the soil
parameters determined for analysis and design at this stage.  These parameters will be refined as
more explorations are completed and laboratory analyses are performed.

Table 4.2C
Soil Design Strengths

MATERIAL DENSITY
(pcf)

STRENGTHS
(deg)                  (psf)

WALL
FRICTION

MODULUS

CLAY(drained) 121Mst, 125Sat Phi=30 C=0 18 111-333 psi

CLAY(undrained) 125Sat Phi=0 C=1000 18 111-333 psi

SAND 121Mst, 125Sat Phi=30 C=0 21 2.4-7.4 pci
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FIGURE 4.2A - SHALE, PEAK DESIGN STRENGTH
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FIGURE 4.2B - SHALE, SLIDING FRICTION DESIGN STRENGTH
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FIGURE 4.2C - SHALE, TRIAXIAL STRENGTH
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FIGURE 4.2D - COAL, DESIGN STRENGTHS
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4.3  FOUNDATION CONDITIONS
The founding conditions for the extension of the locks at J.T. Myers are likely to be

somewhat variable in that complete explorations were not possible at this stage of design.  As
more explorations are performed, more refined analyses of the specific foundations for each
monolith can be performed.  Currently, it is known that the foundation for the existing landwall
has three faults passing through it and it is possible that additional faults may be identified in the
area of the lock extension.  Drilling to date has not identified any faults in the area of the lock
extension so it is not likely that the properties of any faults discovered in the future would vary
significantly from the properties of the known faults.  The known faults are localized in nature
and are oriented perpendicular to the centerline of the lockwall, and based on current knowledge
of the faulting at the site, it is not expected that any faults discovered would present any
problems which would endanger the viability of the project.  Contingencies have been added to
the cost estimate to account for the possible need to revise a few monoliths based on faults
discovered during the next stage of design.  Anchor bond strength tests were not conducted.  A
bond strength of 40 psi has been estimated and once bond strength tests are available, anchor
spacing will be refined, and other routine design analyses will be conducted.

4.4  GROUNDWATER STUDIES
From data of the borings and piezometers along the existing landwall in the fall of 1998,

the groundwater elevations were determined to be at approximate elevation 333.

4.4.1  Dewatering
Construction of the wraparound culvert will be in the dry.  Temporary cofferdam berms

will provide protection from floods up to the top of the lock wall at elevation 362.  The culvert
intake structure and the thrust block excavations will be open cut.  The rest of the culvert will be
a combination of the top 20 ft open excavation, and the remaining depth  will be braced
excavation.

Sheetpiles used for bracing the culvert also will be used to keep most of the water from
the braced excavation.  In addition, the three temporary cofferdam berms will require sheetpiles
to either keep water out of excavations or maintain slope stability.  A system of sheetpiles, driven
to rock, will be required to completely surround the culvert excavations.  Berm 1 is shown on
Drawing 14.9.2A.  Berm 2 begins in the area of the sewage treatment plant and ties into existing
monolith 3.  Berm 3 also begins in the area of the sewage treatment plant , but it will tie into the
float-in miter gate monolith.

Water not contained by the sheetpiles which could enter the excavations (seepage and
internal drainage) has been calculated to total a maximum of 30,000,000 gal.  Most of  the water
will be removed by sumps during the excavation cuts.  The intake structure excavation could
have up to 113,000 CY (20,000,000 gal) of water, 8305 CY (1,670,000 gal) in the excavated soil
and the rest in surrounding soil within the sheetpiles.  The thrust block excavation could have
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3,586 CY (724,300 gal) of water.  The rest of the culvert excavation could have 33,000 CY
(6,665,100 gal) of water. Dredged materials used for the berms were assumed not to contribute
water into the excavation.

Sumps will be needed for keeping water level at top of rock.  Design permeabilities for
the overburden and rock layers are shown in Table 4.4A, below.  In addition, wells may be used
to dewater excavated slopes for stability of the thrust block and/or intake structure excavations.

TABLE 4.4A
Permeabilities

OVERBURDEN PERMEABILITY

Clay 10  e -7

Sand 10  e -5

Shale 10  e -5

4.5  SEISMOLOGICAL STUDIES
During the next stage of design a seismic study will be completed to determine the

seismic loading parameters for the project.  Due to the known faulting at the site and in the
surrounding region the study is expected to be more involved than other sites where faulting is
not known to exist.  For the current stage of design, the Maximum Design Earthquake was set at
0.2 g, and the Operating Basis Earthquake was set at 0.1 g.  These parameters are thought to be
conservative, but contingencies have been added to the cost estimate to account for the
possibility that the design parameters may be somewhat higher.

4.6  FOUNDATION AND SLOPE
ANALYSES

A summary of the slope stability analysis is shown in Table 4.6A.  The criteria for the
safety factor is a minimum of 1.3.  Critical sections of the slope stability analyses of the
temporary berms and excavations are provided on Drawings 4.6C and 4.6D.  It was determined
that sheetpiles were necessary for the stability of most of the excavation slopes.  Sheetpiles also
serve to hold most of the water out of the excavation area.  Sheetpiles in the berms will be tied
into the lock walls or culvert sheetpiles.

The temporary berms were determined to have 2:1 slopes, except for at the thrust block
excavation, which must be on 2.5:1.  The thrust block excavation will require a retaining wall or
anchored bulkhead into the rock, retaining a load of soil from rock elevation and sloping up to
elevation 362.  This excavation may require wells to maintain stability of the slope.  All of the
berms, as well as the culvert open-to-braced excavation, will require sheetpiles down to rock.
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This will help slope stability and also keep most of the water out of the excavations.  In all cases,
these minimum slopes are for both sides of the berm or all slopes in the excavations.

The culvert profiles show the transition from the culvert trench open-to-braced
excavation as it descends to the thrust block open excavation.  The inner and outer sheetpile
slopes must be at least 2.5:1.

The excavation of the float-in monolith must be 2.5:1.

The approach channel will be designed at 3:1 slopes.

TABLE 4.6A
Slope Stability Analysis Summary

LOCATION SAFETY
FACTOR

SAFETY
FACTOR

MIN. CRITERIA

SLOPE

Berm 1
U/S Approach Channel

3.0 1.3 3.25:1

Berm 1
Culvert Intake Structure

1.3 1.3 2:1

Berm 2
Sewage Plant Area

1.3 1.3 2:1

Berms 2/3
Monoliths L6-10

1.3 1.3 2:1

Float-in Monolith
(Berm N/A)

1.5 1.3 2.5:1

Berm 3
Monolith Final Backfill

3.9 1.5 3.5:1

Outer Sheetpile Wall
(Berm N/A)

1.8 1.3 2.5:1

Inner Sheetpile Wall
(Berm N/A)

1.4 1.3 2.5:1

Thrust Block 1.3 1.3 2.5:1

D/S Approach Channel 3.0 1.3 3:1
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4.7  ANTICIPATED CONSTRUCTION
TECHNIQUES

Temporary Berm 1 – The purpose of this berm is to construct the culvert intake structure
and the upstream end of the culvert in the dry.  The top elevation of the berm will be 362.
Sheetpiling will be required down to rock at the centerline of Berm 1 for the open excavation of
the intake structure (See Drawing 14.9.2A).  This sheetpiling will begin with a tie into the
existing upstream lock wall and will end with a tie into the culvert bracing sheetpiles or the
existing cut-off sheetpile wall at the dam axis.  The existing sheetpiling within 100 foot of the
lock wall must be used, as the rest does not go all the way down to rock.

Temporary Berm 2 - The purpose of this berm is the same as Berm 1, protecting the
downstream end.  Top of berm is elevation 362.  Berm sheetpiling will tie into the culvert
bracing sheetpiles and then into the downstream end of the existing landwall.

Temporary Berm 3 - The purpose of this berm is to construct the thrust block end of the
culvert, and backfill the new float-in monoliths.  Top elevation is designed at 362.  This berm
will contain the thrust block excavation, which will be done after the new wall extension has
been floated in and backfilled.  Sheetpiles will tie in at the centerline of the intact part of Berm 2
and also tie into the new lockwall.

4.8  BORROW AND DISPOSAL SITES
No borrow activity is anticipated, as fill is to be obtained from soil materials at the site

for temporary cofferdam berms, spoil mounds, access roads, etc.  It is anticipated that there will
be sufficient quantities of acceptable materials.  The clay and silt portions of the available fill
materials on site are unusable for the berms or other fill at the water's edge.  There is not
sufficient testing of the soils at this time to determine the use of the dredge materials from either
of the approach channels, but the borings indicate that at least 60% is sand.

Disposal will be required from excavating and dredging operations, and will be placed on
site.



J.T. Myers & Greenup Locks Improvements − MYERS ENGINEERING APPENDIX Page 5-1

SECTION 5

DESIGN CRITERIA

5.1  CIVIL CRITERIA
The civil portion of the study consists of the design elements required to relocate and/or

replace the existing utilities, roadways, parking areas, public areas and amenities affected by the
proposed expansion of the locks.  In addition, required dredging, excavation, access roads, haul
roads and disposal areas necessary for the work will be studied.

5.1.1  Existing Conditions
The following utilities and improvements are found at the John T. Myers Locks and Dam

site:

1. Power is provided by  Southern Indiana Gas & Electric, with transformers located
on the utility service mound.

2. Water is provided from a private well on the utility service mound.

3. Sanitary sewage for the site is treated on the utility service mound with a drain field
located in the level grassy area between the service mound and the esplanade.

4. A 3,000 gallon fuel oil tank is currently located on the utility service mound.

5. No gas is used on site.

6. Public facilities with parking, picnic tables, and restrooms are located adjacent to
the service mound and esplanade.

7. A small boat basin to provide safe moorage for COE work boats is located behind
the upstream end of the land wall.
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5.1.2  Design Guidance
Guidance having an impact on the civil design and operation of facilities are as follows:

1. ER 1110-2-400, Design of Recreation Sites, Areas and Facilities, May 1988.
Covers requirements for public facilities and equipment to be provided,
including comfort facilities, parking, picnic areas, play areas, and public
viewing.

2. ORD/ED-T/ORDCO, Regulation No. 1110-2-16, Operations and Maintenance
facilities at Civil Works Projects, August 1972.  Regulations governing the
maintenance shops, and support facilities to be provided on the utility mound.

3. CEORD-ED-T, Regulation No. 1110-2-38, Seismic Design, November 1987.
Provides the requirements governing the seismic design of utility connections,
above ground tanks, recreation facilities and other support and maintenance
facilities.

4. ORDDE Regulation No. 1165-2-2, Resource Enhancement and Recreational
Development on Navigation Projects, April 1979.  Provides guidance and
regulations regarding public facilities associated with any work along the
river.

5. ER 1130-2-401, Planning, Development, Management and Operation Visitor Center
Program, February 1991.  This regulation establishes policy governing
planning, development, management and operations of visitor center facilities
at U.S. Army Corps of Engineers civil works water resource projects.

In addition, all local regulations of Posey County and the State of Indiana regarding
water, sewer, storm drainage and other utilities shall be followed.

5.1.3  Disposal
Extent of property acquisition (if any) and improvements required on lands to enable the

proper disposal of dredged or excavated material will need to be determined in accordance with
EM 1110-2-5025.  The backwater pool shall not be changed by construction disposal.

When storing and/or disposing dredged or excavated materials the following items need
to be considered:

1. Location.
2. Capacity of available sites.
3. No change can be made to the river channel, i.e., during a flood the backwater pool

cannot be changed by the proposed work.
4. Erosion control both during and after the work.
5. Landscaping, seeding and planting.
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5.2  STRUCTURAL CRITERIA

5.2.1  General
This section presents the basic data, loads, assumptions, and methods that shall be used in

design of the lock walls, sills, miter gates, guide and guard walls and appurtenant structures at
the John T. Myers Locks and Dam site.  Design criteria for a 600’ lock extension is addressed.
The project purpose is to provide capacity improvements for navigation at the John T. Myers
site.

5.2.2  Geotechnical Parameters
General geology of the Lower Ohio River Valley, specific site geology and testing of

foundation materials for existing structures are briefly outlined in “Information Brochure for
Periodic Inspection, June 1974”.  Regional geotechnical data is provided in Section 3.2 of the
General Engineering volume, and site specific geotechnical data is provided  in Section 4.0 of
the Engineering Appendix.

Tables 5.2.2A and 5.2.2B characterize the soil and rock layers at the John T. Myers
Locks and Dam site and summarize parameters which were provided by Louisville District
geotechnical engineers.  For drilled shaft design, the computer program LPILE was used.  Table
5.2.2B specifies the LPILE input values which were used in the nose cell, pylon, and lower
landside approach wall drilled shaft designs.

TABLE 5.2.2A
Soil/Rock

Type
γγγγm

(pcf)
γγγγs

(pcf)
ϕϕϕϕ

(deg)
c

(psi)
Wall

Friction, δδδδ Modulus***
Clay 118 121 30

(drained)
- 18 Es=111 to 333 psi

Sand/Gravel 120 125 30 - 21 Nh=2.4 to 7.4 pci**
Limestone 165 165 20 5 35 Es=2.45 to 4.9 x 106 psi

Shale 145 145 20 5 11 Es=1.1 to 2.2 x 106 psi
Limestone/Shale

(cross-bed)
see

above
see

above
40* 20* see

above
see above

Coal 100 100 20 5 N/A N/A
Underclay 100 100 10 0 7 Es=1.1 to 2.2 x 106 psi

Notes: * 1.  Applicable for cross-bed failure planes (>5' deep) only.
** 2.  Es = Nh * z  where  z = depth.

*** 3.  Es = kh * B  where  B = shaft diameter.
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TABLE 5.2.2B
Soil/Rock

Type
ks

(pci)
Su

(psi) εεεε50

Clay 50 7 0.02
Sand/Gravel 200 5200 0
Limestone 29000 250 0.00005

Shale 12500 250 0.0005

Lateral Pressures:
Table 5.2.2C summarizes the equivalent fluid densities (determined in accordance with
EC 1110-2-291, Stability Analysis of Concrete Structures) used to calculate lateral
pressures for the feasibility design stage.

TABLE 5.2.2C

Load Condition Clay Soil
Equivalent Fluid

Density (pcf)
Usual Moist Earth 55.6

Saturated Earth 90.0
Unusual Moist Earth 49.9

Saturated Earth 87.2
Extreme Moist Earth 43.1

Saturated Earth 83.8

Load Condition Sand/Gravel
Equivalent Fluid

Density (pcf)
Usual Moist Earth 56.6

Saturated Earth 91.9
Unusual Moist Earth 50.7

Saturated Earth 88.9
Extreme Moist Earth 43.9

Saturated Earth 85.3

As can be seen from Table 5.2.2C, the design earth pressures are dependent on the load
case under consideration.  For the J. T. Myers site, where the level of knowledge is considered to
be ordinary, the design earth pressures are approximately equal to “at-rest” pressures for the
usual load condition and are approximately equal to “active” pressures for the extreme load
condition.

Bearing:
Allowable bearing pressure (in rock layer) = 40 ksf.
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Skin Friction:
Allowable skin friction (in rock layer) = 40 psi.

Settlement:
Assume no settlement (weak seams are small and will pinch out).

Rock Anchors and Tiebacks:
Rock Anchors

Allowable bond stress = 40 psi
Ultimate bond stress = 80 psi
Minimum bond length = 10 feet
Maximum capacity (in shale) = 1500 kips
Bonded length shall begin 15 feet below base of structure

Soil Anchors (Tiebacks)

Allowable bond strength in sand* = 2 kips/ft
Ultimate bond strength in sand = 5 kips/ft
Allowable bond strength in clay* = 0.6 kips/ft
Ultimate bond strength in clay = 1.65 kips/ft
Minimum bond length = 15 feet
Minimum unbonded length = 15 feet
Minimum hole diameter = 4.5 inches (for 500 kip anchor
max.)
Installation angle = 10º to 30º from horizontal (45º
max.)

*Note:  Allowable strengths reduced to lower level in order to prevent creep.

5.2.3  Navigation Conditions
River navigation conditions are based on scale model test data contained in Technical

Report H-75-9 “Navigation Conditions at Uniontown Locks and Dam, Ohio River” (May 1975).
The anticipated design current has a maximum flow velocity of approximately 5 feet per second,
and varies in direction from parallel to face of walls to an incident angle of approximately 15º.
Additional test data is required to generate probability distributions for collision impact, angle
and velocity of barge tows.  Preliminary approach wall design was based on engineering
judgment from data collected for the Olmsted Approach Walls.
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5.2.4  Material Properties
A list of the preliminary material properties assumed follows:

5.2.4.1  Concrete
a)  Cast-in-Place and Tremie.

Typical f’c = 4,000 psi at 28 days
Pontoons f’c = 6,000 psi at 28 days
Non-Shrink Grout f’c = 6,000 psi at 28 days

b)  Precast.
Typical f’c = 4,000 psi at 28 days
Float-In Base Rafts f’c = 6,000 psi at 28 days
Pontoons & Lower
Landside Approach Wall f’c = 6,000 psi at 28 days

5.2.4.2  Reinforcement
a)  Mild Steel Reinforcing (Fy = 60 ksi).

Deformed Bars ASTM A 615, Grade 60
Welded Bars ASTM A 706, Grade 60

b)  Post-tensioned/Prestressed.
Strands (fy = 270 ksi) ASTM A 416, Grade 270, Low Relaxation
Threadbars (fy = 150 ksi) ASTM A 722, Grade 150

5.2.4.3  Structural Steel
Maintenance Bulkhead ASTM A 572, Grade 50
Miter Gates ASTM A 36
Miter Gate Diagonals ASTM A 514
Culvert Valves & Bulkheads ASTM A36
Drilled Shaft Permanent Casing ASTM A 572, Grade 50 and

ASTM A 852, Grade 70
Nose Pier Embedded Steel ASTM A 572, Grade 50
Other Embedded Steel ASTM A 36
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5.2.5  Loads and Load Combinations

5.2.5.1  Loads
Design lock loads are described in EM 1110-2-2602 and EC 1110-2-291.

Following is a list of design loads with pertinent design notes:

a)  Dead Loads.

The following unit weights of materials shall be assumed (pcf):

Item Unit Weight

Water 62.4
Concrete (Mass) 150.0
Concrete (Thin-walled) 157.0
Steel 490.0

An additional weight corresponding to a 4 inch layer of zebra mussels with a unit weight
of 22 pcf shall be assumed on permanently floating structures.  Also, for the analysis of draft and
buoyant stability, a 2% increase of concrete weight shall be assumed to account for construction
tolerances and swelling.

b)  Hydrostatic (Including Uplift).

Normal Upper Pool: El. 342
Normal Saturation Level at Cutoff Wall El. 334
Normal Lower Pool: El. 324

Uplift forces on floating pontoon base per ETL 1110-2-307.

Per the Information Brochure for Periodic Inspection (June 1974) and new design
elevations:

•  Maximum lower pool during maintenance and unwatering shall be assumed to be
El. 338 (elevation of top of (5) 6-foot maintenance bulkheads on sill).  This is
an unusual load condition.

•  Assume existing main lock chamber is pumped to El. 295.0 during maintenance
(new 1200' lock chamber and extended 600' lock chamber are pumped to El.
291.0 and El. 296.5, respectively, during maintenance).
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•  Actual uplift is not precisely known.  Uplift is assumed to vary in a straight line
from 100% of hydrostatic head at one face to 100% of hydrostatic head at the
other face, effective over the area of base in compression.  Where loadings
(other than seismic) produced resultants outside the kern, full headwater
pressures are assumed under the inactive areas of the base.

 
It was determined that six maintenance bulkheads are often used for lock unwatering.

However, these maintenance periods are scheduled during the dry summer months, and
hydrologic information indicated that lower pool elevations greater than El. 338 are very
unlikely.  Therefore, an extreme load condition case was also considered in which the lower pool
elevation was assumed to be El. 344 during maintenance and unwatering.
 

 c)  Earth Loads.
 

 Per EC 1100-2-291 (which superseded EM 1110-2-2502 and 2602).
 

 See Table 5.2.2C.
 

 d)  Seismic.
 

 Per ER 1110-2-1806 (Zones), EM 1110-2-2200 (Methodology), EM 1110-2-2502
(Forces) and TM 5-809-10.
 

•  John T. Myers Lock is located in Posey County, Indiana - Seismic Zone 2.

•  A Seismic Coefficient method of analysis (pseudostatic) shall be used at the
feasibility project stage.

•  The magnitude of the inertia forces is the product of the structural mass and seismic
coefficient (a = 0.1g for OBE and 0.2g for MDE, based on preliminary
seismological estimates).

•  Additional horizontal loads due to inertia of water shall be considered per
EM 1110-2-2200, Section 5-9b.(1).

 
 According to the Information Brochure for Periodic Inspection (June 1974), existing

structures were designed based on EM 1110-2-2200, using an acceleration coefficient of a =
0.05g.
 
 Stability criteria for existing monoliths shall conform to ETL 1110-2-310 and Chapter 7
of EC 1110-2-291.
 

 e)  Impact.
 

 Accidental barge impact forces shall be calculated in accordance with EM 1110-2-2602
and ETL 1110-2-338 at a future design stage.
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 In the design of the Olmsted approach walls, it was found that the impact wall thickness
and pontoon width were governed by a usual load in the range of 300k to 400k.  Impact loads
greater than this, but less than 600k, did not govern the selection of the key dimensions of the
pontoons.  Based on the flow velocities and angles determined during the physical modeling at
WES prior to the original construction, the impact loads at the John T. Myers prototype site are
anticipated to fall within the range given above.   Therefore, the engineering judgment gained
from the design of the Olmsted approach walls will be used in the preliminary sizing of the
prototype approach walls.
 

 In the design of the Olmsted approach walls, barge impact was assumed to occur at any
location along the entire length of the primary impact sides of the pontoon at elevations between
7 feet above and 2 feet below the waterline.  The same impact height was assumed at the nose
piers.  In the determination of the Olmsted approach wall post-tensioning design, the following
impact loads were assumed for the primary impact faces:
 
 Upper River Wall

•  Usual 600 k
•  Unusual 900 k
•  Extreme 1000 k

 
 Upper Middle Wall

•  Usual 300 k
•  Unusual 600 k
•  Extreme 800 k

 
 Lower Land Wall and Lower Middle Wall

•  Usual 300 k
•  Unusual 450 k
•  Extreme 500 k

 
 The design extreme impact loading for the nose pier was 4000 k at the operating pool

elevation range and 2500 k at elevations higher than that (due to the low probability of having a
loaded barge in the vicinity of the locks during flood conditions when barges are diverted over
the fixed weir section of the dam).
 

 f)  Hawser Pull.
 

 Per EM 1110-2602 and ETL 1110-2-247.
•  Checking hawser pull shall be assumed to be 160 kips at 30 degrees to lock wall,

applied 5 feet above the water line, at line hooks, check posts and floating
mooring bits.  The perpendicular component is 80 kips.

•  Lock fill and empty hawser pull shall be assumed to be 10 kips maximum.
 

 g)  Ice and Debris.
 

 A maximum linear force of 5 kips/ft, acting at the water line, may be used in the design
of upper approach walls if this potential ice load is supported by site data and CRREL (Cold
Regions Research and Engineering Laboratory).
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 h)  Wave Pressures.
 

 Wave pressures on gates and appurtenances per Shore Protection Manual (1984).
 

 i)  Wind.
 

 Wind loads usually are not included in the lock wall analysis (except where major
portions are not backfilled). Where included, a pressure of 30 psf shall be used but, if critical,
this assumption should be investigated further.  See TM 5-809-1 for additional guidance.
 

 j)  Gate and Bulkhead Loads.
 

 Per EM 1110-2-2602.
 

 k)  Construction.
 

 During construction, some of the existing lock wall monoliths will be used as a portion of
the construction cofferdam for construction of elements, including the wrap around culvert,
laterals, and maintenance bulkhead sill.  The loads transmitted to the lock walls under this
temporary construction condition should be checked as an unusual load condition.
 

l)  Temperature.

See ACI 224 R-80 and ETL 1110-2-365 for techniques to reduce temperature cracking in
mass concrete.

The temperature design range is -13° F to 107° F.  For floating structures, summer and
winter differential temperatures of +40 °F and -60 °F are assumed between the top slab and
submerged portions of the structure.  These assumptions should be further investigated during
future design phases.
 

 m)  Internal Hydrostatic Concrete Pore Pressure.
 

 Per EM 1110-2-2602 Section 8-19 (September 1995).
 

 n)  Marine Growth.
 

 Zebra mussel colonies exist at lock location.  See Dead Load.
 

5.2.5.2  Loading Conditions
 

 The following loading conditions are based on EM 1110-2-2602 Appendix B, EM 1110-
2-2200 and John T. Myers site conditions:
 

 a)  General Design Loading Conditions.
 
 1. Usual
 2. Unusual
 3. Extreme
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 b)  General Design Loading Locations.

 
 1. Lock Chamber Land Wall
 2. Lock Chamber Intermediate Wall
 3. Upper and Lower Gate Bays
 4. Upper and Lower Approach Walls
 5. Upper and Lower Sills
 
 Specific Load Cases below follow this numbering system, e.g., Load Case 3B refers to
Upper and Lower Gate Bays, etc.
 

 c)  Specific Loading Conditions.
 

 Lock Chamber Land Wall
(Cases 1A Through 1F)

  600 Ft. Extension

 Case 1A - Normal
Operating Condition
(Usual)

•  Backfill or silt assumed to El. 362.

•  Saturation gradient  assumed to vary as a straight line from
El. 334 upstream at cutoff wall to El. 324 downstream.

•  Hawser Load - See Section 5.2.5.1f.

•  Water El. 324 inside lock chamber.

•  No silt inside lock.

•  100% Uplift.

 Case 1B - Earthquake
Conditions
(Unusual/Extreme)

•  Same as Case 1A Plus OBE Earthquake (Unusual).

•  Same as Case 1A Plus MDE Earthquake (Extreme).

 Case 1C - Construction
Condition (Unusual)

•  Moist earth on landside assume to El. 362.

•  No Water in Lock Chamber.

•  No Uplift.

•  No Earthquake.

•  For float-in construction, see normal operating condition.



J.T. Myers & Greenup Locks Improvements − MYERS ENGINEERING APPENDIX Page 5-12

 Lock Chamber Land Wall
(Cases 1A Through 1F)

  600 Ft. Extension

 Case 1D - Maintenance
Condition (Unusual/
Extreme)

•  Backfill or silt assumed to El. 362.

•  Lock Chamber pumped dry (El. 296.5).

•  No silt inside lock.

•  Saturation gradient assumed to vary as a straight line from El.
342 upstream to El. 338 downstream.  (Unusual)

•  Saturation Level Assumed to be El. 344.  (Extreme)

•  100% Uplift.

•  Maintenance Bulkhead in place.

•  No Hawser Load.

 Case 1E - Maintenance
Condition (Unusual)

•  Same as Case 1D without uplift (maximum bearing pressure).

 Case 1F - Flood
Condition - 10 Foot
Quick Drawdown
(Unusual)

•  Water Inside Chamber at El. 352.

•  Saturated Backfill or Silt Assumed to El. 362.

•  No Silt Inside Lock.

•  100% Uplift.

 Lock Chamber Intermediate Wall
(Cases 2A Through 2F)

Check Renovated and Existing Monoliths for Intermediate
Wall Conditions

  600 Ft. Extension

 Case 2A - Normal
Operating Condition
(Usual)

•  Lower Pool in “New” Lock Chamber at El. 324.

•  Upper Pool in “Existing” Lock Chamber at El. 342.

•  Silt El. 296.5 in “New” Lock.

•  Silt El. 308 in “Existing” Lock.

•  100% Uplift.

•  Hawser Load in “New” Lock - See Loads Section 5.2.5.1f.

•  Vessel Impact in “Existing” Lock.
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 Lock Chamber Intermediate Wall
(Cases 2A Through 2F)

Check Renovated and Existing Monoliths for Intermediate
Wall Conditions

  600 Ft. Extension

 Case 2B - Normal
Operating Condition
(Usual)

•  Upper Pool in “New” Lock Chamber at El. 342.

•  Lower Pool in “Existing” Lock Chamber at El. 324.

•  Silt El. 308 in “New” Lock.

•  Silt El. 296.5 in “Existing” Lock.

•  100% Uplift.

•  Hawser Load in “Existing” Lock - See Loads Section
5.2.5.1f.

 Vessel Impact in “New” Lock.

 Case 2C - Operating
Condition With
Drawdown (Unusual)

•  Same as Cases 2A and 2B except for the following:

•  Applicable Pool Drawdown.

•  Extreme low-water stage (El. 324 for lower pool only).

 Case 2D - Maintenance
Condition (Unusual/
Extreme)

•  “New” Lock Chamber Pumped to El. 296.5.

•  Upper Pool in “Existing” Lock Chamber at El. 342.
(Unusual)

•  Upper Pool in "Existing" Lock Chamber at El. 344.
(Extreme)

•  Silt El. 296.5 in “New” Lock.

•  Silt El. 308 in “Existing” Lock.

•  100% Uplift.

 Case 2E - Maintenance
Condition (Unusual/
Extreme)

•  Upper Pool in “New” Lock Chamber at El. 342.  (Unusual)

•  Upper Pool in "Existing" Lock Chamber at El. 344.
(Extreme)

•  “Existing” Lock Chamber Pumped to El. 296.5.

•  Silt El. 308 in “New” Lock.

•  Silt El. 296.5 in “Existing” Lock.

•  100% Uplift.

Check Cases 2D & 2E also with no uplift for maximum bearing pressure.

 Case 2F - Earthquake
Conditions
(Unusual/Extreme)

•  Same as Cases 2A and 2B plus OBE Earthquake (Unusual).

•  Same as Cases 2A and 2B plus MDE Earthquake (Extreme).
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 Miter Gate Bay
(Cases 3A Through 3H)

  600 Ft. - Extension
(Lower Gate Bay Only)

 Case 3A - Normal
Operating Condition
(Usual) - Gate Loaded

•  Upper Pool Upstream of Gate El. 342.

•  Lower Pool Downstream of Gate El. 324.

•  Gates Mitered.

•  Gate Weight.

•  Gate Thrust.

•  100% Uplift.

•  Wall Loadings.

 Case 3B - Normal
Operating Condition
(Usual) - Gate Unloaded

•  Lower Pool El. 324 in Gate Bay.

•  Gates Almost Mitered.

•  Gate Weight (Including Strut Normal Force)

•  100% Uplift.

•  Wall Loadings.

 Case 3C - Operating
Conditions with
Drawdown (Unusual)

•  Same as Cases 3A and 3B Except Drawdown.

 Case 3D - Operating
Drains Ineffective
Condition (Unusual)

•  Same as Cases 3A and 3B Except Raised Saturation Level
Due To Ineffective Drains.

 Case 3E - Maintenance
Condition (Unusual)

•  Same as Condition 3B Except Lock Chamber Unwatered to
El. 296.5.

 Case 3F - Earthquake
Conditions (Unusual/
Extreme)

•  Same as Conditions 3A and 3B Plus OBE Earthquake
(Unusual)

•  Same as Conditions 3A and 3B Plus MDE Earthquake
(Extreme)

Case 3G - Construction
Condition (Unusual)

•  Float-in and Submerge Gate Bay Raft and Wall Shell.

 Case 3H - Construction
With Cofferdam
Condition (Unusual)

•  Not Applicable.

 
 Upper and Lower Approach Walls

 
 Refer to Tables 5.2.5.3A and 5.2.5.3B (developed for Olmsted Locks & Dam Approach Walls).
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5.2.5.3  Load Combinations
 

 Tables 5.2.5.3A and 5.2.5.3B present load combinations applicable to approach wall,
nose pier, and pylon designs only.  They were developed for the Olmsted Locks & Dam
approach walls and can be used for the John T. Myers approach walls during future design
stages, adjusting load magnitudes to reflect the John T. Myers site conditions.  At the feasibility
stage, however, preliminary approach wall design will be based primarily on engineering
judgment from data collected for the Olmsted approach walls, supplemented by site specific
calculations for governing load cases.



TABLE 5.2.5.3A

Floating Approach Wall Pontoon Load Combinations
Load Type Construction Condition Usual Condition Unusual Condition Extreme Condition

Load Symbol Load Description
D
C
W

D
P
T

D
P
H
T

D
P
H
t
 

D
P
G

D
P
H

D
P
H
V

D
P
H
V
S

D
P
H
T
B
M

D
P
H
W

D
P
H
T
W

D
P
H
W
B

D
P
H
W

D
P
H
T
W

D
P
H
T
B

D
P
H
W
I

D
P
H
W
B

D
P
H
E

D
P
H
W
B

D
P
H
T
B

D
P
H
F

D
P
H
E

D
P
G

Hydraulic Factor, Hf 
1.00 1.00 1.00 1.00 1.00 1.30 1.30 1.30 1.30 1.30 1.30 1.30 1.30 1.30 1.30 1.30 1.30 1.30 1.00 1.00 1.00 1.00 1.00

Demand Reduction Factor
1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.75 0.75 0.75 0.75 0.75 0.75 1.00 1.00 1.00 1.00 1.00

Basic Load  Combination Numbers
Notes Ultimate 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23

Constr. & Transp. Factor * Load Combination Coefficients
C Construction Phase 7 1.4 1.00
P Posttensioning 5 0.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
T Deformation Loads (Dif'ntl. Temper., Shrinkage, & Friction) 1.70 1.00
L Launching 8
t Towing 1.70 1.00 1.00
G Partial Grounding 1 Note 1 1.00

Dead Loads
D Dead Load (solids) 1.40 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
D Water Accumulation Allowance 1.40 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
D Zebra-Mussels Infestation Allowance 1.40 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

Vehicle
V Wheel  Load (static load + 15% Lifting allowance) 2 1.70 1.00 1.00

Collision
B Barge Collision with Pontoon (Initial barge damage limit) 4 1.70 TBD 1.00 TBD TBD
B Barge Collision with Pontoon (1% prob. of being exceeded) 4, 6 1.70 TBD TBD 1.00 TBD
B Barge Collision with Pontoon (0.1% prob. of being exceeded) 4 1.00 TBD TBD 1.00 TBD

Hydraulic Forces
H Hydrostatic Pressure 1.40 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
H Water Current 1.70 1.00 0.50 1.00 0.75 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
H Waves (horizontal forces) 1.70 1.00 1.00 1.00 1.00 1.00 1.00
H Waves (sag & hog) 1.70 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
I Ice Floes pressure 1.70 1.00

M Barge Mooring Forces 160k mooring lift) 1.70 1.00
Ambient Forces

S Snow and Ice Accumulation 2 1.70 1.00
T Deformation Loads (Differential Temperature & Shrinkage) 1.70 1.00 1.00 1.00
W Wind Pressure 1.70 0.50 1.00 0.50 0.75 0.75 1.00 0.75 0.75 1.00
G Partial Grounding 1 1.00 1.00
E Operating Basis Earthquake (OBE) * *
E Maximum Credible Earthquake (MCE) * *
F Flooding of one (two) pontoon compartment(s) (global effects) 3 * *

Notes: 
1: Design accounts for partial grounding of the pontoon during launching and tow as well as during the design life. Critical low water levels with respect to the  limiting design  criteria shall be stated in the pertinent contract drawings. 
2: Truck mounted crane for maintenance work. Lifting allowance to be applied only for the design of the top slab (local effect) and not simultaneously applied with snow and ice accumulation.
3: Different crack control limits apply to  flooding of one compartment as opposed to flooding of two compartments.
4: No simultaneous application of impact with respect to pontoon and Nose pier.  
5: Prestressing force not applicable with the Basic Ultimate Factor. 
6: 100 year event barge impact shall is the applied for the design of the pontoon side walls designated 'Secondary Impact Walls' in the performance category 'Unusual.' 
7: This construction phase load yields the maximum tolerable vertical load (e.g., weight of the fresh concrete of the top slab and its forms) imposed on the cantilevering side walls and bulkheads during the construction of the top slab. 
8: Force magnitude, flooding rate, etc. still to be defined or verified, respectively.
*: Basic ultimate factor of 0.90 applies when pertinent loads (either dead or live) have a relieving effect on the factored load. For example, bottom slab and water content in the flooded compartment will counteract hydrostatic pressure only at 90%
    of their nominal weight.
*: Basic ultimate factors of unity applies to MCE, compartment(s) flooding, and part. grounding loads  (perf. categ. 'extreme'), i.e., Uh = 1.0 D + 1.0 L + 1.0 (E or F or G). For OBE (perf. categ. 'Unusual') Uh = 1.4 D + 1.4 L + 1.5 E.

h:\jobs\95056\struct\admin\reports\engapp\90submit\ED-1.t5253a.16Nov99.INCA



TABLE 5.2.5.3B

Nose Pier and Pylon Load Combinations
 

Load Type Constr'n Usual Unusual Extreme

Load Symbol Load Description
D
P
H

D
P
H
T

D
P
H

D
P
H
S

D
P
H
T

D
P
H
W

D
P
H
W

D
P
H
W
B

D
P
H
W
M

D
P
H
W

D
P
H
W
I

D
P
H
W
R

D
P
H
W
B

D
P
H
W
E

D
P
H
W
B

D
P
H

D
P
H
E

Hydraulic Factor, Hf 

1.00 1.00 1.30 1.30 1.30 1.30 1.30 1.30 1.30 1.30 1.30 1.30 1.30 1.30 1.00 1.00 1.00
Demand Reduction Factor

1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.75 0.75 0.75 0.75 0.75 0.75 1.00 1.00 1.00
Basic Load  Combination Numbers

Notes Ultimate 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
Dead Loads Factor Load Combination Coefficients

D Dead Load 1.40 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Collision

B Barge Collision with Pontoon (Initial barge damage limit) 1.70 1.00
B Barge Collision with Pontoon (100 year event) 1.70 1.00
B Barge Collision with Pontoon (1000 year event) 1.00 1.00
B Head on Impact 1.00 1.00

Hydraulic Forces
H Hydrostatic Pressure 1.40 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
H Water Current 1.70 1.00 0.75 0.75 1.00 1.00 1.00 0.50 1.00 1.00 1.00 1.00 0.50
H Waves (horizontal forces) 1.70 1.00 1.00 0.75
I Ice Floes pressure 1.70 1.00

M Mooring 1.70 1.00
R Salvage Rating (Applied to upper river nose pier only) 1.70 1.00

Ambient Forces
S Snow and Ice Accumulation 1.70 1.00
T Deformation Loads on Pontoon (Differential Temp. & Shrink.) 1.70 1.00
W Wind Pressure 1.70 1.00 0.50 0.75 0.75 1.00 0.75 0.50 0.75 0.50 1.00
E Operating Basis Earthquake (OBE) 1.00 0.50
E Maximum Design Earthquake (MDE) 1.00 1.00

 

j:\jobs\95056\struct\admin\reports\engapp\90submit\ED-1.t5253b.16Nov99.INCA
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5.2.6  Stability and Sliding Criteria
 

 The following criteria, shown in Table 5.2.6A, are in accordance with EC 1110-2-291
(which supersedes EM 1110-2-2200):
 

 TABLE 5.2.6A
 Load

Condition
 Resultant

Location Requirements
 Minimum Sliding
Factor of Safety

 Foundation
Bearing Pressure

 Usual  Middle 1/3 (100% comp.)  1.5  1.0* Allowable

 Unusual  Middle 1/2 (75% comp.)  1.3  1.14* Allowable

 Extreme  Within Base  1.1  1.50* Allowable

 Note:  The lock structure category was considered to be “normal” (not critical) and the
availability of site information was considered to be “ordinary” (not limited nor very well
defined).

 
 Based on preliminary stability analyses of lock monoliths at the John T. Myers site, using

current guidelines and geotechnical parameters described in Section 5.2.2, it was found that a
typical existing land wall monolith did not meet current stability criteria.  Existing river wall
monolith stabilities were not investigated.
 

 In the development of the expanded lock design for this engineering appendix, monolith
stabilization is addressed in a limited manner, analyzing only those monoliths which are
significantly affected by the lock expansion.  The extended 600' lock design will include
stabilization of  only those existing monoliths which will have:
 

•  a significant increase in the magnitude of loading or
•  a significant change in the direction of loading

 
 when compared with the existing conditions.  Of the existing middle wall monoliths

which will form a portion of the extended chamber, a few typical monoliths were investigated to
see if stability requirements were met.
 

 Although the existing lock wall monoliths have performed satisfactorily for many years,
it may be decided to improve the stability of selected existing monoliths before a new or
extended lock is constructed.  In this case, we recommend that:
 

•  in the stabilization design, consideration be given to the loading condition for the
monolith if it is incorporated into a new or extended lock

•  the stabilization method does not interfere with a new or extended lock chamber
 

 New monoliths in the extended 600' lock design must meet current stability criteria.
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5.2.7  References
 

 The structures shall be designed in accordance with the criteria and guidance furnished in
Corps of Engineers manuals for engineering and design, industry standards and other technical
references as follows:
 
 

5.2.7.1  Engineering Manuals
 

•  EM 385-1-1  Safety and Health Requirements Manual, October 1987
•  EM 1110-1-1804  Geotechnical Investigations, February 1984
•  EM 1110-1-1904  Settlement Analysis, September 1990
•  EM 1110-1-1905  Bearing Capacity of Soil, October 1992
•  EM 1110-1-2908  Rock Foundations, November 1994
•  EM 1110-2-1301  Cost Estimates - Planning and Design Styles
•  EM 1110-2-1604  Hydraulic Design of Navigation Locks, June 1995
•  EM 1110-2-1610  Hydraulic Design of Lock Culvert Valves, August 1975
•  EM 1110-2-2000  Standard Practice for Concrete for Civil works Structures,

February 1994
•  EM 1110-2-2102  Waterstops and Other Joint Materials, May 1983
•  EM 1110-2-2104  Strength Design of Reinforced Concrete Hydraulic Structures, 30

June 1992
•  EM 1110-2-2105  Design of Hydraulic Steel Structures, March 1993
•  EM 1110-2-2200  Gravity Dam Design, June 1995
•  EM 1110-2-2302  Construction with Large Stone, October 1990
•  EM 1110-2-2502  Retaining and Flood Walls, September 1989
•  EM 1110-2-2503  Design of Sheet Pile Cellular Structures, September 1989
•  EM 1110-2-2504  Design of Sheet Pile Walls
•  EM 1110-2-2602  Planning and Design of Navigation Locks, September 1995
•  EM 1110-2-2608  Navigation Locks-Fire Protection Provisions
•  EM 1110-2-2703  Lock Gates and Operating Equipment
•  EM 1110-2-2902  Conduits, Culverts and Pipes
•  EM 1110-2-2906  Design of Pile Foundations
•  EM 1110-2-3400  Painting:  New Construction and Maintenance, April 1995
•  EM 1110-2-3504  Chemical Grouting
•  EM 1110-2-4300  Instrumentation for Concrete Structures
•  EM 1110-2-5025  Dredging and Dredged Material Disposal
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5.2.7.2  Engineering Circular & Engineering Technical Letters
 

•  EC 1110-2-291  Stability Analysis of Concrete Structures, October 1997
•  ETL 1110-1-127  Use of Fly Ash in Concrete, August 1984
•  ETL 1110-2-216  Energy Conservation for Civil Works, June 1976
•  ETL 1110-2-223  Navigation Lock Sill Depths and Hydraulic Loads on Gates, June

1977
•  ETL 1110-2-254  Finite Element Analysis Interpretation and Documentation

Guidelines, December 1980
•  ETL 1110-2-256  Sliding Stability for Concrete Structures, June 1981
•  ETL 1110-2-307  Flotation Stability Criteria for Concrete Hydraulic Structures,

August 1987
•  ETL 1110-2-310  Stability Criteria for Existing Concrete Navigation Structures on

Rock Foundations
•  ETL 1110-2-321  Reliability Assessment of Navigation Structures, Stability of

Existing Gravity Structures
•  ETL 1110-2-338  Barge Impact Analysis, April 1993
•  ETL 1110-2-355  Structural Analysis and Design of U-Frame Lock Monoliths
•  ETL 1110-2-365  Nonlinear Incremental Structural Analysis of Massive Concrete

Structures
•  ETL 110-2-366  Seismic Design for Civil Works Buildings
•  ETL 1110-2-532  Reliability Assessment of Navigation Structures
•  ETL 1110-8-2 (FR)  Anchor Embedment in Hardened Concrete
•  ETL 1110-8-13 (FR)  Structural Engineering Responsibilities for Civil Works

Projects
 
 

5.2.7.3  Engineering Regulations
 

•  ER 1110-2-1150  Engineering and Design for Civil Works Projects, March 1994
•  ER 1110-2-1200  Engineering and Design Plans and Specifications, June 1972
•  ER 1110-2-1302  Civil Works Cost Engineering
•  ER 1110-2-1404  Hydraulic Design of Deep Draft Navigation Projects
•  ER 1110-2-1458  Hydraulic Design of Shallow Draft Navigation Projects, August

1985
•  ER 1110-2-8152  Planning and Design of Temporary Cofferdams and Braced

Excavations
•  ER 1110-2-1806  Earthquake Design and Analysis for Corps of Engineers Projects

5.2.7.4  Technical Publications

•  American Concrete Institute, “Building Code Requirements for Reinforced
Concrete”, ACI-318-95

•  American Concrete Institute, “Manual of Concrete Practice”
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•  American Concrete Institute, “Guide for the Design and Construction of Fixed
Offshore Concrete Structures”, ACI-351-R-84

•  American Concrete Institute, “Control of Cracking in Concrete Structures”, ACI
224R-80

•  American Institute of Steel Construction, “Manual of Steel Construction, Allowable
Stress Design”, AISC, 9th Edition, 1989

•  American Institute of Steel Construction, “Manual of Steel Construction, Load and
Resistance Factor Design”, AISC, 1st Edition, 1986

•  American Welding Society, “Structural Welding Code”, AWS D1.1
•  American Association of State Highway and Transportation Officials, “Standard

Specifications for Highway Bridges”
•  American Society of Civil Engineers, “Minimum Design Loads for Buildings and

Other Structures”, ASCE 7-88
•  Portland Cement Association, “Design and Control of Concrete Mixtures”
•  Post-Tensioning Institute, Recommendations for Prestressed Rock and Soil Anchors
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SECTION 6

DESCRIPTION AND GENERAL
LAYOUT

 
 

 In the selected design alternative, shown in Drawing 6.0A, the existing 110’ x 600’ lock
is extended downstream to form a 110’ x 1200’ lock, as a minimum.  At the John T. Myers site,
the extended lock will have a 110’ x 1313’ chamber due to existing conditions which restrict the
placement of the new miter gate recess.  This extension is accomplished by demolishing existing
monolith L-1, extending the existing land wall with a 463’ long float-in monolith, and adding a
downstream float-in miter gate bay monolith.  Due to the increased lock size, the existing
fill/empty system must be augmented in order to approximately maintain the existing fill/empty
time.  The supplemental fill/empty system consists of a culvert which wraps around the existing
lock land wall, is incorporated into the new float-in land wall extension, splits into laterals, and
empties into the lower approach using a landside wall diffuser outlet.  A culvert-type intake,
which was developed and modeled for the Robert C. Byrd Locks & Dam, is used for the
fill/empty culvert inlet.  The fill/empty system layout is shown in Drawings 6.0B and 6.0C, and
details of the landside wall diffuser outlet are shown in Drawing 6.0.D.
 

 Four new approach walls are required for the 600’ lock extension alternative design.
Approach wall pontoon, nose pier, and pylon details are shown in Drawings 6.0E through 6.0O.
Final required approach wall lengths will be determined during site specific model testing.  For
feasibility study purposes, the following preliminary approach wall lengths were included in this
design:
 

•  900’ Floating Upper Middle Approach Wall
•  960’ Floating Upper Riverside Approach Wall
•  700’ Floating Lower Landside Approach Wall
•  100’ Floating Lower Middle Approach Wall

 
 These approach wall lengths provide 1270’ from the landside miter gate pintle to the end

of the upper middle approach wall, 1200’ from the end of the upper middle approach wall to the
end of the upper riverside approach wall, and 700’ minimum from the miter gate bay to the end
of the lower landside approach wall.  (Prior to final design refinements, the lower landside
approach wall connected to the wall diffuser, as shown in the referenced drawings.)  The 100’
floating pontoon is required as a very short lower middle approach wall in order to prevent lower
miter gate damage due to accidental barge impact.
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SECTION 7

ENVIRONMENTAL ENGINEERING

7.1  DESIGN OF POSITIVE
ENVIRONMENTAL ATTRIBUTES
INTO THE PROJECT

Generally, areas disturbed by construction and disposal will be returned to their pre-
project vegetative cover.  Frequently mowed open areas will be re-vegetated in grasses similar to
their current condition.  Prairie lands will be restored to prairie.  Scrub shrub areas will be
replanted in bottomland hardwoods.  Agricultural fields will either be returned to agriculture or
restored in bottomland hardwoods or as moist soil management units (wetlands).

7.2  INCLUSION OF ENVIRONMENTALLY
BENEFICIAL OPERATIONS AND
MANAGEMENT FOR THE PROJECT

It is proposed that all on-site areas that are not needed as reserve for future needs be
leased to the state of Indiana for management.  This would amount to about 300+ of the 400+
total project acres.

7.3  BENEFICIAL USES OF SPOIL OR
OTHER PROJECT REFUSE DURING
CONSTRUCTION AND OPERATION

It is proposed to aggressively seek environmentally beneficial opportunities for use of all
spoil, concrete rubble and rock.
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7.4  MAINTENANCE OF THE
ECOLOGICAL CONTINUITY IN THE
PROJECT WITH THE
SURROUNDING AREA AND WITHIN
THE REGION

Areas disturbed by construction and disposal will generally be returned to their pre-
project vegetative cover.  Frequently mowed open areas will be re-vegetated in grasses similar to
their current condition.  Prairie lands will be restored to prairie.  Scrub shrub areas will be
replanted in bottomland hardwoods.  Agricultural fields will either be returned to agriculture or
restored in bottomland hardwoods or as moist soil management units (wetlands).

7.5  CONSIDERATION OF INDIRECT
ENVIRONMENTAL COSTS AND
BENEFITS

Indirectly, extension of the auxiliary chamber will be beneficial to aquatic and riparian
resources through reduction of traffic queues and, therefore, fewer boats sitting at idle and/or
nosed up into the bank.

7.6  INTEGRATION OF
ENVIRONMENTAL SENSITIVITY
INTO ALL ASPECTS OF THE
PROJECT

Areas disturbed by construction and disposal, generally, will be returned to their pre-
project vegetative cover.  Frequently mowed open areas will be re-vegetated in grasses similar to
their current condition.  Prairie lands will be restored to prairie.  Scrub shrub areas will be
replanted in bottomland hardwoods.  Agricultural fields will either be returned to agriculture or
restored in bottomland hardwoods or as moist soil management units (wetlands).
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7.7  INCORPORATION OF
ENVIRONMENTAL COMPLIANCE
MEASURES INTO THE PROJECT
DESIGN

Environmental impacts will be avoided, minimized, or mitigated fully.
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SECTION 8

CIVIL ENGINEERING

 8.1  EARTHWORK AND BACKFILL
 

 8.1.1  General Excavation
 

 The six elements which will require major excavation are the wrap around culvert, the
wall monoliths, the miter gate monoliths and sill structure, the temporary construction moorage
for float-in structures, the small boat basin, and the improvement of the downstream approach.
 

 The majority of the excavation required for the wrap around culvert takes place in-the-
dry and can be accomplished by conventional means.  For those materials with moisture contents
suitable for supporting the movement of construction equipment, conventional excavation may
be performed, using equipment such as self-loading scraper pans, backhoes, trucks, and dozers.
Excavation, in materials with moisture contents which are not suitable for conventional
equipment, will require excavation with draglines or other suitable equipment.
 

 Excavation for the near site work station (temporary construction moorage area),
approach areas, wall monoliths, and miter gate monoliths and sill structure, will, where feasible,
be performed from the shoreline, using draglines or other suitable equipment.

 
 Excavation of the riverbank, in order to improve the downstream approach, which is

shown in Drawing 8.1.1A, will be performed from the shoreline using draglines or other suitable
equipment.
 

 With the availability of a disposal site adjacent to the excavation, stockpiling and/or long
haul routes are not necessary at this site.  Excavation materials that are suitable for backfilling
(i.e., material excavated for the wrap around culvert) may be stockpiled, temporarily, on the site
just upstream of the existing locks.
 

 Construction of the 600' lock extension will require significant amounts of excavation,
some of which will be performed "in-the-wet."  Generally speaking, there are three different
types of material to be excavated:

 
•  Sands (alluvial deposits)
•  Shale
•  Limestone
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 A 5 cy heavy duty clamshell is proposed for the work although a hydraulic excavator

(backhoe) mounted on a barge would be even more effective in removing limestone.  However,
this latter equipment is not normally used for relatively small jobs such as this.

 
The clamshell production rate is normally determined by an analysis of cycle times,

including dropping of bucket, closing time, lifting time (limited by speed of hoist line), swing
time, open bucket, swing back.  However in the case of concrete and limestone excavation,
which have to be blasted, the rate is considerably slowed because of integration of sequential
activities.  Thus in the case of concrete demolition, only 250 to 500 cy will be removed per shift,
whereas in silts and sands, the rate will be determined by the depth of water.  In the case of shale,
the rate will be limited by the amount (“bite”) that the bucket, with teeth, can get, and by the
need to use an underwater hydraulic breaker ram or chisel.

Excavated material will be loaded onto scows (with sides) for transport to the stockpile or
disposal area.  At the unloading site, a shore-based clamshell will unload, although an alternative
is a scoop loader on the scow and a conveyor belt.

The material will then be stockpiled, if necessary, separating it as reasonably practicable
and allowing it to drain.  This will be done with a scoop loader, which will also load to trucks for
hauling to the disposal area.

Concrete will be crushed and separately stockpiled.
 
 

8.1.2  Dredging
 

 Excavation of materials in the water, outside the reach of conventional shore-based
equipment, will require dredging.  Due to the added costs and disposal considerations required
when dredging, dredging will be minimized, and conventional excavation will be utilized to the
maximum practical extent.
 

Most dredging can be carried out independently of other operations, in which case the
rate of production will be relatively high.  The largest quantities of dredging will be required for
the construction moorage area and the downstream approach channel improvement.  In both of
these cases, either hydraulic suction dredging or clamshell dredging could be used.  It is
anticipated that hydraulic suction dredging would be more cost effective unless environmental
considerations are too prohibitive.  Therefore, it is recommended that the contractor be allowed
to use the most economical method.

In the cases where dredging of overburden material is required in addition to drilling and
shooting limestone (e.g., for the float-in land wall monolith construction), clamshell dredging is
preferable.  Drilling is most effectively carried out with some or all the overburden left in place,
since the casing can be seated.  Also the blasting will be more effective, with greater
fragmentation.  Using this approach, much of the silt and sand will necessarily be dredged with
the broken limestone, and a clamshell dredge is required.  The clamshell buckets should be
without teeth and tight fitting so as to prevent loss of material.
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Typical cycle times will be 1 min. 20 sec., and each bucket should be full.  There will be
a 25% swell however, so net bank yards will be 4 cy.  Production rate, (4 cy/bucket) (1
bucket/1.333 min.) (50 min/hr) (7 hrs/shift) = 1,050 cy/shift.

 

8.1.3  Underwater Excavation of Limestone
 
 This will be required for the construction of the new float-in wall diffuser, land wall and
miter gate bay.
 

The limestone will be drilled and shot underwater, using the OD method of casing.  Holes
will be loaded as they are drilled.  Holes will be on 7-foot centers, both directions.  One or two
lines will be shot at a time, so as to limit the amount of powder and to keep an open face.

The drill barge will drill and shoot 14 – 16 holes/shift.  Then the clamshell crane barge,
with heavy duty bucket and teeth, will excavate the limestone and the accompanying sand and
silt.
 
 

8.1.4  Underwater Excavation of Shale
 

 As indicated, a 5 cy heavy duty rock bucket with teeth will be used.  A hydraulic ram
(chisel) will be available to use to increase production where indicated.  It is not believed that
drilling and blasting will be needed.

 
 Excavation will be by clamshell bucket augmented by the hydraulic ram as needed.

Buckets will be 1/2 full on average.  Swell is anticipated to be approximately 25%.
 
 

8.1.5  Instrumentation for Monitoring
Blasting

 
 Instrumentation for control of blasting vibrations and overpressures is anticipated.  The
blasting plan is based on an assumed limitation of peak particle velocity to 4.0 in/sec, at the face
of the structure, and a peak water overpressure measured 5 ft. in front of the existing structures to
50 psi, or less.
 
 

8.1.6  Backfilling
 

 Lock wall monolith foundations will be backfilled with tremie concrete, up to the existing
top of rock elevation, in order to provide adequate resistance against sliding.  Thus, excavated
rock in these areas will be replaced with tremie concrete.  In order to achieve a good bond with
the existing rock, the surface should be vacuumed clean prior to concrete placement.  When the
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extended lock chamber is dewatered for interior construction and miter gate installation, grout
may be injected at locations where leakage is noted through the underbase and backfill concrete.

 
 For the overburden material, backfilling will be performed with conventional earth

moving equipment, using suitable materials stockpiled during excavation.  It is anticipated that a
sufficient quantity of stockpiled excavated materials will be available at the site.  If additional
backfill is required, materials obtained from regional commercial quarry sites will be used.
 

8.2  FOUNDATION PREPARATION
The new float-in concrete monoliths for the 600’ lock extension will be founded 10 to 20

feet into the existing bedrock at the site.  The culvert laterals and maintenance bulkhead sill will
also be founded on bedrock at the site.

The foundations for these structures should be excavated to the dimensions and grades
indicated, without excessive loose material in the excavation, and free of large protrusions into
the foundation excavation.  Rock excavation should be done in a manner which minimizes
damage and cracking to the remaining adjacent bedrock.  The cast-in-place concrete laterals and
maintenance bulkhead sill should be cast in-the-dry on a sound bedrock surface without loose
material.  Therefore, care should be taken, during this in-the-dry excavation work, to avoid
overexcavation and the need for additional foundation concrete.

For the float-in monoliths, the rock excavation in the areas where the concrete pedestals
will be located should be fairly level (approximately ±1 to 2 inches) in order to provide the
required seating elevation.  All other areas of foundation rock excavation may have a higher
roughness and elevation tolerance.  Allowing a higher tolerance will reduce the excavation cost.
In this case, a roughness and elevation tolerance of up to approximately ±12 inches can be
allowed without adversely affecting the structural foundation.  This tolerance level should
provide adequate space for good quality underbase grouting without significantly increasing the
construction cost.

  The excavation surface may be mapped, using one of the following two techniques
investigated, in order to verify that it is within allowable tolerances.  The first method considered
is acoustic imaging, which uses sonar technology, and the second method considered is based on
pressure sensitive transducers, which use precision quartz crystal oscillations.  The sonar system
requires the use of triangulation, using sound waves to determine the precise location of an
object.  The scanning sonar will be able to map the bottom of the excavation and determine the
surface geometry to within ±12 inches.  The pressure-based system uses pressure sensitive
transducers, which are capable of determining the elevation of an object to within ±0.01 percent
accuracy.  For the anticipated maximum 50-foot depth of water during placement of the float-in
monolith structures, this translates to approximately 1/16-inch accuracy.  The transducers are
small in size and can be placed, by a diver, on an object to determine it’s elevation.  The sensors
are connected to the surface via an air pipe, and the equipment on the surface monitors the
barometric pressure and the water temperature to provide precise information for use in
calculating the elevation of the object.  It is anticipated that the transducers would be particularly
useful at the concrete pedestal locations.
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Also, for the float-in monoliths, the rock should be overexcavated by approximately 2
feet on each side, at the base of the excavation, extending the foundation footprint for a total of 4
feet along its length and width.  All loose and fractured rock should be removed.  As the
visibility is very poor at the site, the rock evaluation will not be straightforward.  One potential
fractured rock determination and removal method would include hammering the area with a
specified force prior to final removal and vacuuming of the excavation debris.  In order to
improve the bond between the underbase grout and the existing rock, the foundation area should
be vacuumed immediately prior to placement of the float-in monoliths and associated grouting.

 

8.3  DISPOSAL
 

 Expansion of the 600’ lock will require disposal of approximately 864,000 cubic yards of
common excavation.  Excavation of 49,000 cubic yards of rock and demolition of 6,000 cubic
yards of concrete will also be required.  However, it is assumed that these materials will be
recycled or reused by the contractor and will, therefore, not require disposal.  At the John T.
Myers site, approximately 46.7 acres of land is available just downstream and north of the
existing lock and service mound.  By filling to a final grade of El. 367, approximately 895,000
cubic yards of material can be disposed of on site.  See Drawings 8.3A and 8.3B for the disposal
plan and cross section, respectively.

 
However, stretching the proposed area to the size of 94 acres (as shown in

Drawing 13.0A) still does not impact existing wetlands.  Therefore, in order to reduce the top of
disposal mound elevation, the disposal area will be expanded.  It will fit within the 94 acres that
have been identified, and the top of disposal mound elevation will be reduced from what is
currently shown.  The top of disposal mound elevation shall be held at or below El. 358, which is
below the existing road at the site.
 

 All excavated material except suitable backfill, rock, and demolition debris, will be
spoiled in the disposal areas.  In addition to the materials to be spoiled, material removed for the
installation of the wrap around culvert or lower approach channel improvements will need to be
temporarily stockpiled before backfilling the culvert and other structures.  Some of the stockpiled
material may be used to construct temporary dewatering berms and elevated construction staging
and lay down areas.  See Drawings 14.9.2A and 14.9.2B for some temporary construction
requirements.

 
 

8.4  BUILDINGS AND GROUNDS
 

 Existing project operations facilities at the site include an operations building located on
the middle wall, a maintenance building located on the service mound, a garage/storage building
located on the service mound, and a public restroom facility located adjacent to the service
mound.  Except for the public restroom, the facilities are located inside a security fence and
accessed by a paved access road.  The non-public facilities will remain accessible and
operational during expansion of the lock.  The maintenance building and garage/storage building
will be accessed by the existing paved roadway.  A temporary gravel access roadway to the land
wall, and, therefore, to the middle wall and operations building, will be maintained at all times.
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The temporary gravel access roadway will need to be shifted from time to time as work on the
wrap around culvert progresses.

 
 A new, centralized control room, sized to accommodate future automatic controls for

both locks, is proposed.  It is anticipated that it will be located on top of the existing operations
building and will be similar to the control room constructed at Newburgh Locks & Dam.
 

 Parking along the esplanade will be temporarily eliminated during construction of the
wrap around culvert.  There is ample parking available in the existing public parking lot and
service mound to accommodate employee and service vehicle parking during construction.  Also,
see the Visitors Facilities section below.
 
 

8.4.1  Visitors Facilities
 

 Existing visitors facilities consist of a 77-car parking lot adjacent to the service mound,
connected to the esplanade by a 6-foot wide concrete fenced walkway.  From the esplanade, a
painted crosswalk directs the visitor to fenced viewing areas on the existing land wall and middle
wall.  Access from the land wall to the middle wall is provided over the existing upstream miter
gates.
 

 Construction of the wrap around culvert will temporarily cut off access to the visitors'
facilities making it necessary to close the facilities during construction.  An added benefit of
temporarily closing the visitors' facilities is that the existing visitor parking lot is then fully
available for employee parking and construction activities.
 
 

8.4.2  Public Use
 
 In addition to the visitors facilities, a public restroom, picnic tables, and other public
facilities are located along the esplanade at the base of the service mound.  Construction of the
wrap around culvert and other heavy construction activities in the vicinity of the public facilities
will require their closure for the anticipated two-year construction period.  The facilities will be
reestablished and landscaped to create a more pleasing atmosphere as well as provide visual
relief at the end of the project.
 
 It is anticipated that the public restroom will also be shut down during this period.  The
contractor will be required to provide and maintain temporary sanitary facilities for his
personnel.
 
 Water activities, such as fishing and motor boating, will also be limited by construction
activities.  Safety zones will be established around blasting and dredging activities to ensure the
safety of the public and a safe working environment for the contractor.
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8.4.3  Utility Relocations
 

 No off-site or public utilities are impacted by the proposed lock construction.  The
following on-site utilities run between the service mound and the existing land wall:
 
 Sta. 1+98 D.S.
 2-500 MCM Bare Copper Ground
 
 Sta. 6+66 D.S.
 1-1/2" Fuel Oil Line - sch 40 steel pipe
 1-1/2" Potable Water Line - copper pipe
 1-1/2" Hydraulic Oil Fill Line - sch 40 steel pipe
 4" Raw Water Line - mechanical joint cast iron pipe
 
 Sta. 7+23 D.S.
 4" Sanitary Sewer Force Main - mechanical joint cast iron pipe
 2-500 MCM Bare Copper Ground
 2-3/C-500 MCM Direct Buried Power
 2/C #12 Direct Buried Control Cables for fuel oil transfer pump
 3/C #12 Direct Buried Control Cables for hydraulic oil transfer pump
 Telephone Cable
 
 Sta. 7+40 D.S.
 6" V.C.P. Sanitary Sewer
 

 See Drawing 8.4.3A for the utility plan.  The existing utilities will need to be relocated
and supported by a structural bridge over the wrap around culvert excavation.  All utilities must
remain operational with only short scheduled outages.  If desired, this bridge could also be
designed to provide pedestrian access.

 
 The raw water system, used for fire protection, will need to be replaced with a new

system located outside the limits of the culvert excavation.  The new system must be installed
and operational before the existing system is shut down and removed.  The new system will also
be extended to provide service to the relocated mooring facility and the lock wall extension.

 
 The sewage drain field is located in the grass area between the service mound and the

esplanade.  The drain field will need to be relocated to allow for excavation of the wrap around
culvert.
 

 In addition to the utilities serving the existing lock, there are buried power, water and
sewer lines between the service mound and the public restroom facilities.  It is anticipated that
these utilities will not be impacted by construction.  Care shall be taken when working near these
utilities to prevent damage caused by construction activities.

 
 Overhead power is provided to the existing moorage facility by Southern Indiana Gas and

Electric (SIGECO).  The overhead power lines and poles will be removed from the existing
moorage basin.  Electrical service for the new mooring basin will be provided, by buried cable
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from the main power service in the operations building.  This will enable the mooring facility to
be serviced by the emergency generator, in the event of an SIGECO power outage.
 
 

8.4.4  Fencing and Signing
 

 New and/or relocated fencing and signing will be required to secure restricted areas, and
protect the public from hazardous conditions.
 
 

8.4.4.1  Fencing
 

 Temporary fencing will be required to limit access to the work area and to provide
protection at the top of deep cuts and excavations.  Construction fencing will be required around
the disposal area to define the limits of work and to keep out the public.

 
 New fencing will be designed to match existing in type and appearance in accordance

with EM 1110-1-400 and ER 1130-2-400.
 
 

8.4.4.2  Signing
 

 Signs will be provided where needed to regulate traffic, warn of hazardous conditions,
establish restrictions and restricted areas and to direct and inform the public.  All traffic and
warning signs shall be placed and installed in accordance with the current "Manual on Uniform
Traffic Control Devices for Streets and Highways" and Chapter 4 of EP 310-1-C.  Informational
signs and bulletin board will be provided in public use and observation areas containing project
maps, emergency numbers, Title 36 rules and regulations, safety tips and general information on
the history, purpose and operation of the facility.
 
 

8.4.5  Mooring Facility
 

 A mooring facility for storing and securing a workboat and work barge to be used for
maintenance and operational requirements is located at the upstream end of the locks behind the
landwall.  Construction of the fill/empty intake structure will require relocation of the mooring
facility.
 

 The relocated mooring facility will be of similar size and configuration as the existing
facility.  Additionally, to the extent feasible, the relocated facility shall use components taken
from the existing facility such as the floating dock, access stairs, handrail, fencing and gates, and
electrical service panel.
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 The following issues were considered in locating a new site:
 

•  The site needed to provide protection during high water.
•  An upstream site was preferred, although not required.  This allows the workboat to

be used for emergency situations that occur above the dam.
•  The facility needs to be located such that a truck with equipment can be pulled

along side and equipment off loaded using the workboat crane.
 

The proposed location for the relocated mooring facility is approximately 500 feet
upstream of the existing facility.  A new access roadway from the entry roadway, in the vicinity
of the visitor parking to the mooring facility, will be constructed.  The alignment of the roadway
was chosen to provide quick access from both the service mound and the esplanade in cases of
emergency.  A parking, loading, and turnaround area will be constructed adjacent to the mooring
basin to accommodate loading and servicing of the boats.  Approximately 14,900 cubic yards of
excavation are required to construct the mooring basin.

In order to construct the dewatering berm and temporary spoil and construction lay down
area, a temporary access road to the mooring facility will be required (see Drawing 14.9.2A).
Upon completion of the lock work, the temporary access roadway will be removed and the
permanent road, discussed above, will be installed.  Although it would be possible to use the
temporary access road as a permanent road, its entrance location, length, and added time of travel
make the alignment at the temporary access roadway less desirable.  The proposed permanent
roadway alignment will allow for quicker access from both the service mound and the esplanade.

Electrical power and raw water will be supplied to the relocated mooring facility as noted
in Section 8.4.3.
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SECTION 9

STRUCTURAL DESIGN

 

9.1  LOCATION AND SITE
RESTRICTIONS

 
 In the Interim Reconnaissance Report for the Ohio River Mainstem Study (June 1991), an

extension of the existing 110’ x 600’ lock to a 110’ x 1200’ lock was evaluated.  The current
general configuration for the 600’ lock extension alternative is very similar to the one which was
presented in this reconnaissance level report.  In both cases, the lock chamber is extended
downstream, utilizing as many of the existing lock wall monoliths as possible.  In this way,
excavation and new construction are minimized.  The lock extension is accomplished by
demolishing existing monolith L-1, extending the existing land wall with a 463’ long float-in
monolith, and adding a downstream float-in miter gate bay monolith.
 

 At the John T. Myers site, the extended lock will actually have a 110’ x 1313’ chamber,
due to existing conditions which restrict the placement of the new miter gate recess.  A 110’ x
1200’ extended lock chamber could be achieved by cutting a recess for the new miter gate into
the existing middle wall monoliths M-1, M-2, and M-3.  However, this design was investigated
in earlier reports, and it has several difficulties.  One difficulty is cutting into the existing middle
wall monoliths very close to the existing culvert location.  If the middle wall culvert placement
was not constructed accurately, or if the recess is overcut, then the existing culvert wall could be
compromised.  For this reason, cutting a miter gate recess would necessitate shutdown of the
downstream end of the existing middle wall culvert and emptying the existing 1200’ lock using
only one culvert (the riverside culvert).  Thus, the emptying time for the existing 1200’ lock
would be greatly increased at the same time as the existing 600’ lock would be closed to
navigation, during the period of time required for this construction step.  As a result, significant
“disbenefits” costs would be incurred.  Another difficulty is ensuring that the bull nosed middle
wall end monolith can resist the large thrust of the new miter gate.  Additionally, locating a new
miter gate machinery pit, and relocating a culvert bulkhead slot would be difficult in this
congested area of the end wall monoliths.  For these reasons, this miter gate location was not
pursued further.  Instead, a stand alone miter gate and sill structure, which could be floated into
place, was chosen.  This structure was located downstream of existing end monolith M-1,
forming a 110’ x 1313’ extended lock chamber.
 

 At the John T. Myers site, there are very few other site restrictions which affect the 600'
lock extension alternative.  A large area is available for disposal.  The disposal area capacity is
limited by neighboring wetlands and floodway considerations, however.  The actual amount of
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excavation, disposal, and utility disturbances is dependent on the type of construction method
chosen for the new wrap around culvert.  At the proposed location, there are no highways or
railroads that would constrain the placement of the wrap around culvert.
 
 

9.2  TYPE AND CONFIGURATION
 

 The extension of the existing 110’ x 600’ lock to a minimum of a 110’ x 1200’ lock is
accomplished by demolishing existing monolith L-1, modifying existing monoliths L-2 to L-5,
and adding a 463-foot float-in land wall monolith, a downstream float-in miter gate bay
monolith, a supplemental fill/empty system, and four new approach walls. The type and
configuration of these new lock structure components are described in the following section.
 
 

9.2.1  New Land Wall Monoliths
 

 New and modified land wall monoliths proposed for the 600’ lock extension alternative
include the following:
 

•  CIP concrete anchored to existing monoliths L-2 to L-5
•  463-foot long float-in land wall monolith upstream of the new miter gate
•  111-foot long float-in landside wall diffuser monolith downstream of the new miter

gate
 

 The existing monolith L-1 at the end of the lower guide wall has a V-shaped wall return.
Therefore, it either needs to be demolished or modified in order to form a smooth and even
extended lock wall face.  In earlier designs, the inlet valve was incorporated into the 463-foot
long floating land wall monolith.  In order to provide adequate space between the inlet valve seat
and the first lateral in these designs, it was decided that the existing land wall monolith L-1
should be demolished.  As the inlet valve has been relocated to a stand alone valve monolith, this
decision should be reevaluated in future design phases.
 

 In order to stabilize monoliths L-2 to L-5 for their new loading conditions,  they will be
modified by anchoring cast-in-place concrete to the landward side of these existing monoliths
from approximately El. 310.0 to El. 362.0 to form 39-foot wide wall monoliths, as shown in
Drawing 9.4.1C.  In addition, a 7.5-foot wide heel will be anchored to the landward side of these
monoliths from their foundation elevation to El. 300.0.  This heel construction may be
accomplished during construction of the wrap around culvert in this vicinity.  In order to
maintain stability during this construction, the upper concrete work must be completed before
excavating for the heel construction, and this excavation must be limited to periods when the
water level in the lower pool is at El. 340 or below.  Alternatively, temporary bracing may be
used during this construction to ensure monolith stability.
 

 One new float-in land wall monolith will be located between wall monolith L-2 and the
new float-in miter gate bay, as shown in Drawing 6.0A.  It will be founded on rock at El. 284.0.
The length of this new land wall monolith will be approximately 463 feet, and the width will be
55 feet at its base, including a 13-foot wide toe and a 6-foot wide heel.  Below El. 334.0, it will
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 be composed of a post-tensioned precast concrete float-in shell structure which is filled with
tremie concrete.  The monolith will step in to a narrower width of 36 feet from El. 305.0 to El.
334.0.  Above El. 334.0, the wall will be composed of lift-in precast concrete buttresses which
vary in width from 36 feet at its base to 14 feet wide at its top, El 362.0.  These lift-in buttresses
have been preliminarily designed for this feasiblity report.  Backfill will be placed to El. 362.0
landward of the monolith in order to provide access to the new miter gate.  Backfill between the
lift-in buttresses will also increase the vertical load on the float-in land wall monolith, improving
the stability of this monolith.
 

 This monolith will incorporate a 14-foot wide by 16-foot high longitudinal culvert at the
center of the 36-foot wide wall as well as six connections to new laterals located in the extended
lock chamber. The invert of the culvert and lateral connections will be at El 297.0.  One culvert
valve pit and two bulkhead slots will be located at the downstream end of the monolith in order
to house the outlet valve which will control the supplemental lock emptying system.   At the
upstream end of the wall monolith, the culvert will tie in to the wrap around culvert, and at the
downstream end of the wall monolith, the culvert will transition into a 16.5-foot diameter pipe
culvert and tie in to the culvert of this size and shape in the wall of the miter gate bay monolith.
Construction techniques and construction sequences for this float-in land wall monolith are
discussed in Section 9.4.2, and preliminary designs are discussed in Section 9.6.2.
 

 The new float-in landside wall diffuser monolith will be located downstream of the new
float-in miter gate bay, will connect to the fill/empty culvert, and will be founded on rock at
El. 287.0.  It will empty the lower half of the lock chamber landside, and riprap will be placed
along the bank to provide slope protection.  Its cross section and construction techniques will be
very similar to those described above for the float-in land wall monolith upstream of the new
miter gate, except that it will be 111 feet in length and will be composed of solid concrete from
El. 334.0 to El. 362.0 instead of precast concrete buttresses.  (In final design and cost estimate
refinements, the top of diffuser monolith elevation was reduced to El. 311, below the lower
approach wall pontoons.  However, the drawings were not revised to reflect this change.) Also,
stability analyses indicate that no toe or heel will be required for this monolith.  Further
discussion of construction procedures and sequences for this monolith are provided in
Section 9.4.4.
 
 

9.2.2  Modified Middle Wall Monoliths
 

 Modified middle wall monoliths proposed for the 600’ lock extension alternative include
the following:
 

•  CIP concrete anchored to existing monolith M-1 in order to “square off” this
existing bull nosed monolith

•  Pylon protrusion anchored to existing monolith M-38 in order to provide lateral
support for new upper middle approach wall

•  Vertical rock anchors installed through existing monoliths M1-M4 and M6-M14 so
that they meet stability requirements for their new loading conditions

 
 The pylon protrusion is anticipated to be 9 feet wide, 8.5 feet long, and 40 feet tall.  It has

been preliminarily designed as a precast concrete and CIP concrete structure, and its top of pylon
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elevation was set at El. 382.  Geometry, design, and construction of this pylon protrusion is
further described in Section 9.4.5.

 
 Middle wall monolith stabilization will require two rows of vertical rock anchors, one

row near each face of the monolith.  Monoliths M1-M4 require significantly more anchorage
force than monoliths M6-M14 as monoliths M1-M4 (which are located downstream of the
existing 1200' lock miter gate) will see a more drastic change in loading conditions and have a
narrower base than monoliths M6-M14.  Additional descriptions of stabilization requirements are
described in Section 9.5.
 
 

9.2.3  Lock Wall Accessories
 

 Lock wall accessories will consist of floating mooring bits, line hooks, check posts, wall
armor, ring bolts, mooring rings, ladders, gages, and pedestrian railing.  The floating mooring
bits will have detachable floating tanks and will be interchangeable with other bits at the existing
site and other sites on the Ohio River.  If not already provided on site, a spare floating mooring
bitt will be allocated.  Standard line hooks, check posts, pedestrian railing and recessed ladders
will be provided along the length of the approach walls and lock walls.  In order to provide for
easier maintenance and replacement, the pedestrian railing will be removable.  Standard wall
armor will also be provided along the inside face of the walls to protect this concrete face from
barge tows which scrape and rub up against it.  The standard armor consists of  horizontal strips
of steel T-section along the face and preformed steel plates and corner cap castings at all exposed
edges and corners.  In order to monitor lower pool elevation, one new recessed steel staff gage
will be provided.
 
 

9.2.4  Float-In Miter Gate Monoliths and Sill
Structure (Miter Gate Bay)

 
 The float-in miter gate bay consists of a sill section and wall monoliths on each side,

forming a U-shaped structure. The 182’ x 100’ long structure, of which 110’ x 100’ forms the
new sill, will be founded in rock at El. 284.0. The walls monoliths on each side of this structure
will be 36' wide x 100' long. The new top of miter gate sill elevations will match the existing
miter gate sills elevation, and the new and existing miter gates will be interchangeable. The
preliminary miter gate bay details are shown in Drawings 9.4.3A and 9.4.3B.. At the John T.
Myers site, the top of miter gate and bulkhead sill elevations will be set at El. 308.0, which
provides 16-foot submergence below the normal lower pool elevation. This submergence is
equal to 1.8d, where d is the authorized draft of 9 feet.  In between the miter gate sill and the
upstream bulkhead sill, the top of concrete will be set at El. 305.0, yielding a minimum sill
thickness of 21 feet. Uplift pressures were investigated at the lock sills for normal and
maintenance conditions, and it was determined that pressure relief drains will not be required at
the John T. Myers site which has a normal lift of 18 feet.  A detailed discussion of the
construction procedure and construction sequence for the float-in miter gate bay is presented in
Section 9.4.3.
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9.2.5  Fill/Empty System
 
 Due to the increased lock size, the existing fill/empty system must be augmented in order
to approximately maintain the existing fill/empty time. The supplemental fill/empty system
consisting of an intake, a culvert which wraps around the existing land wall, is incorporated into
the new float-in land wall extension, splits into laterals, and empties into the lower approach
using a landside wall diffuser outlet.  The fill/empty system layout is shown in Drawings 6.0B
and 6.0C, and details of the wall diffuser are shown in Drawing 6.0D.  Anticipated construction
procedures for the wall diffuser are shown in Drawing 9.4.4A.
 
 The following list describes pertinent geometric information for the fill/empty system:
 

•  Culvert size is 16'-6" diameter wrap around culvert, 14' H x 16' V at the inlet valve
14' H x 16' V in lower land wall, and 16'-6" diameter in the miter gate bay

•  Min. submergence over top of culvert at intake = 7'-6"
•  Min. submergence over top of ports at outlet = 21'-0"
•  Culvert  bends form 45º angle
•  Minimum horizontal curve radius is 1.5 x culvert width = 24'-0"
•  Minimum vertical curve radius is 1.5 x culvert height = 24'-0"
•  Maximum culvert slope is 3.4H:1V
•  Number and spacing of new laterals match existing laterals
•  New laterals and existing laterals are symmetric about lock hydraulic centerline
•  Distance between inlet valve seat and first lateral centerline is 206'-0"
•  Distance between last lateral centerline and outlet valve seat is 118'-6"
•  One short lateral due to interference with existing middle wall gate monolith toe
•  Port size increased in short lateral to match total port area of adjacent lateral

 
 A culvert-type intake, which was developed and modeled for the Robert C. Byrd Locks &
Dam, will be used for the fill/empty culvert inlet.  This type of intake has been modeled, but has
not yet been utilized at an existing lock and dam site.  The hydraulic design for this intake should
be adapted to the specific design site.  Two intake wingwalls at both sides of intake will consist
of reinforced concrete drilled shafts, precast concrete facing panels, and a cap beam. The top of
cap beam will be at El. 362.0 near the intake and will slope to El. 352.0 at the end of the
wingwall furthest from the intake. The ground will slope from El. 324.0 to El. 318.0 in front of
the intake in order to improve flow conditions there.
 
 The wrap around culvert will be a precast concrete pipe and will have a 16.5-foot inside
diameter and a wall thickness of approximately 20 inches.  The invert elevation of the pipe will
vary from El. 318.0 at its intake to El. 297.0 at the inlet valve monolith and new float-in land
wall monolith.  A transition between the circular and rectangular culvert sections is required at
the upstream end of the stand-alone inlet valve monolith.  A concrete thrust block will be located
immediately downstream of the valve monolith, at the 45º bend, in order to resist loads resulting
from the redirection of flow.  The culvert shape will continue as a 14’-0” wide by 16’-0” high
rectangular culvert between the valve monolith and the new float-in land wall monolith.  In the
wall monolith, the culvert will split into laterals.  In locating the downstream laterals, in earlier
designs the trade off in hydraulic benefits was considered with respect to either increasing the
distance between the inlet valve seat and the first lateral or placing the downstream laterals
closer to the inlet valve seat so that they will be symmetric with the existing upstream laterals.
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 This tradeoff was originally balanced by locating the new downstream laterals so that they would
be approximately 60 feet downstream of the point of symmetry and were approximately 74 feet
from the original inlet valve seat location.  In the current design, the inlet valve is located in a
stand-alone monolith, sufficiently upstream of the laterals.  Therefore, the location of the laterals
was reevaluated and revised.  In the current design, the downstream laterals are located so that
they are symmetric with the upstream laterals about the hydraulic centerline of the lock chamber.
Center to center spacing of the laterals is 36 feet. The new laterals were sized to match the size
and spacing of the existing laterals.  One of the laterals will be significantly shorter than the
remaining laterals due to interference with the existing middle wall gate monolith toe.
 
 The longitudinal culvert will transition back into a 16.5-foot diameter pipe culvert
immediately prior to entering the downstream miter gate monolith.  After continuing through the
miter gate monolith and the new float-in lower land wall monolith, the culvert connects to a
float-in landside wall diffuser, which dissipates some of the energy in the flow and directs it
toward the riprap-protected riverbank.  Prior to entering the wall diffuser, the culvert expands
from a circular to elliptical shape.  At the entrance to the wall diffuser, the culvert transitions
from this elliptical shape to a rectangular one in order to simplify the remainder of the forming
for the wall diffuser.  The wall diffuser is described in Section 9.4.4 and shown in Drawings
6.0D and 9.4.4A.  As this outlet is not riverside, it is expected to worsen the lower approach
conditions for upbound tows.
 
 

9.2.6  Culvert Valves
 

 In order to match the existing culvert valves and provide superior hydraulic
characteristics, traditional reverse tainter gate valves were chosen for the valving in the new
fill/empty system culverts.  See Section 10 and the General Engineering Appendix for culvert
valve descriptions, advantages, and disadvantages.  For preliminary layout purposes, the existing
culvert valve dimensions at the site were matched.  The inlet culvert valve will be located in a
stand-alone valve pit monolith in a section of the wraparound intake culvert.  This location was
chosen in order to meet hydraulic spacing requirements between the intake valve seat and the
first lateral while minimizing the amount of concrete demolition required at the existing lower
land wall monoliths.  The culvert should be rectangular at the valve locations, but the
wraparound culvert is circular, so a transition between circular and rectangular culvert sections is
required at the upstream end of the valve pit monolith.  The number of spare culvert valves
required at the site will need to be determined, but it is currently assumed that the current number
of spare valves will be adequate.

 
 For preliminary design purposes, the inlet valve monolith was initially sized to match the

existing valve monolith dimensions.  However, during the final design iteration, these
dimensions were refined.  By decreasing the distance between the upstream bulkhead slot and
the upstream face of the valve pit, it was possible to reduce the length of the monolith by
approximately 6 feet.  Stability analyses also showed that it was possible to raise the foundation
elevation to El. 292.  These refinements yielded significant cost reductions and were reflected in
the Plan 3 cost estimate included in Section 21.  However, since the other plans had been
screened out from further consideration prior to these changes, their costs were not revised.
Also, due to the late timing of these final changes, they are not reflected in the set of drawings
included in this appendix.
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9.2.7  Approach Walls
 

 Four new approach walls are required for the 600' lock extension alternative design. Final
required approach wall lengths will be determined during site specific model testing. For
feasibility study purposes, the following preliminary approach wall lengths were included in this
design:
 

•  900' Floating Upper Middle Approach Wall
•  960' Floating Upper Riverside Guard Wall
•  700' Floating Lower Landside Approach Wall
•  100' Floating Lower Middle Approach Wall

 
 The upper middle approach wall length provides 1270 feet from the landside miter gate

pintle to the end of  the upper middle approach wall. The upper riverside guard wall length
provides 1200 feet from the end of the upper middle approach wall nose cell to the end of the
upper riverside approach wall. The lower landside approach wall length provides 700 feet
minimum from the end of the wall diffuser monolith to the end of the lower landside approach
wall.  In addition, a 100-foot long floating lower middle approach wall is required to protect the
lower miter gate.
 

 In this design, all of the approach walls are floating. The major components of a floating
approach wall are constructed off-site, producing high quality precast concrete pontoons while
reducing construction interference.   For locations with large operating pool variations, the
construction cost of a floating approach wall can be much lower than the construction cost of a
fixed approach wall.  In addition, while a floating wall may require periodic under wall dredging,
a fixed wall may have additional maintenance costs associated with debris removal if monoliths
are overtopped during a flood.  On the other hand, fixed walls may be desirable at sites/locations
which have a significant siltation problem, such as at the lower landside location at the Olmsted
Locks & Dam site.  The J. T. Myers Locks & Dam site has a moderate siltation problem, but it is
anticipated that this siltation problem will be reduced as a result of outflow from the landside
wall diffuser.  Outflow from this diffuser is expected to flush silt and debris from this lower
landside location, which would otherwise be a slack water area.  For this reason, a floating
approach wall was chosen for the lower landside location, and significant cost savings were
realized.
 

 The floating approach walls consist of floating, precast, longitudinally post-tensioned,
concrete box structures, called pontoons.  These pontoons typically include intermediate
transverse bulkheads and span between a supporting pylon or pylon protrusion at one end and a
notched nose pier at the other end.  The pylon and nose pier notch also act as guides for the
pontoons as they float up and down with the rising and falling pools.  Marine fenders provide a
flexible linkage between the pontoons and the pylon/nose pier guides.  This flexible linkage is
required in order to isolate the pontoons and supporting structures from applied forces such as
waves, earthquakes, and barge impacts.  At each guide, there are two transverse fenders and one
longitudinal fender.  A group of three drilled shafts will form a nose pier at the exposed end of
each approach wall in order to protect the pontoons from head-on barge impacts.  The pontoon
depth is sized to provide a minimum of 2 feet of impact/rubbing surface below the waterline and
7 feet above the waterline.  The preliminary  pontoon depth is 15'-0" at the crown and 14'-6" at
the impact face plus a 3'-6" high parapet wall.
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 If required, skirting panels may be suspended from the floating pontoons in order to

improve navigation conditions.  Final skirting panel requirements will be determined during site
specific model testing. The upper middle approach wall may not require skirting panels but will
require armor and rubbing surfaces on both faces of the floating pontoons.  The upper riverside
guard wall will require armor and a rubbing surface on its landside face.  The lower middle
approach wall will require armor and rubbing surfaces on both faces of the pontoon.  The lower
landside approach wall will require armor and a rubbing surface on its riverward face.
 

 All of the on-site construction of the approach walls is completed in-the-wet.  Approach
wall plan views, elevations, and sections are shown in Drawings 6.0E through 6.0J, and nose
pier and pylon details are shown in Drawings 6.0K through 6.0O.
 
 

9.3  SUBSTRUCTURE EVALUATION
 

 The rock foundation at the John T. Myers site is composed primarily of shale layers
which are interlaced with a few deep weak coal and underclay seams.  This rock has numerous
vertical and angled fractures and faults.  During the original construction of the existing dam at
the John T. Myers site, a cofferdam failure occurred in 1971.  It was caused by deep seated
sliding on one of the weak seams
 

 For the 600' lock extension design, the float-in lock wall monoliths will be founded in
rock at approximately El. 285.  This elevation is approximately 10 feet below the top of rock
elevation and satisfies geotechnical, hydraulic, and structural requirements.
 

 For the new monoliths, overturning stability can be satisfied and bearing pressures kept
below allowable levels by adjusting toe and heel dimensions and, if necessary, increasing the
monolith width.  However, meeting the sliding stability requirements, using initial estimates of
rock parameters, was more difficult.  The following three substructure types were evaluated in
order to address sliding instabilities:
 

•  Drilled Shafts
•  Rock Anchors
•  Floor Compression Struts

Using initial estimates of rock parameters, it was found that neither drilled shafts nor rock
anchors were feasible due to the unreasonably long lengths of shafts/anchors required before an
adequate factor of safety was developed against deep seated sliding failures. These long lengths
were required because the failure surface at which an adequate factor of safety was reached was
very deep. Because the assumed water pressure (differential head) does not vary with depth
below the top of rock and the initial assumed rock strength was very low and also did not vary
with depth, the governing failure surface was very deep (the unbalanced horizontal load
increased with depth until enough very weak rock was mobilized).  Therefore, concrete floor
compression struts were chosen and designed to resist the unbalanced load on the wall
monoliths, using a similar approach to that used for a portion of the original design at the
Cannelton Locks and Dam site.  At Cannelton, the struts were designed to have a capacity
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sufficient to take the unbalanced load on the lock wall monolith minus the horizontal resistance
along the potential failure plane underneath the lock wall monolith.

The unbalanced load would be transferred through the compression struts to the existing
middle wall monoliths, thereby mobilizing both the land and middle wall monoliths to act as a
unit against the imposed horizontal loads.  As two lock chambers are never dewatered
simultaneously, the hydrostatic pressure inside the main lock chamber would oppose the load
transferred through the compression struts.  The difference between these two loads would be the
imposed unbalanced load on the existing middle wall monoliths.  This unbalanced load was
compared to the original unbalanced design load for the existing middle wall monoliths and
found to be below these design values.  Because these existing middle wall monoliths had
performed satisfactorily since the locks were placed in operation in 1972, and the load
transferred through the proposed floor compression struts did not exceed the original design
loads for these monoliths, the addition of floor compression struts in the extended 600' lock
chamber was not expected to adversely affect the existing middle wall monoliths.

The 600' lock extension design included a supplemental fill/empty system, which
included a new set of laterals inside the new land wall monoliths of the extended lock chamber.
In this portion of the design, the new laterals were preliminarily designed to act as compression
struts.  The new laterals were sized to match the size and spacing of the existing laterals.  Outside
of this region, 5-foot square reinforced concrete compression struts, spaced at 24 feet on center,
were preliminarily designed.  However, when seismic coefficients were provided, it was found
that most of the monoliths could not meet required stability requirements, and it was felt that
compression struts were not the optimum solution for high seismic loading conditions.  (Please
see September 1998 letter report entitled "Criteria Evaluation and Increased Seismic Loading
Report" for further discussions of preliminary seismic analyses, completed using initial rock
parameter values.)  In addition, it was found that a typical existing land wall monolith, which has
performed well under dewatered conditions, could not meet stability requirements during
maintenance loading when the initially assumed rock parameters were used.  Therefore, it was
decided that refined rock parameters would be required.  Additional drilling and rock sample
testing were completed, and the initially provided rock parameters were reevaluated.

Simultaneously, the stability analyses were also refined from a modified single wedge to
a multiple wedge analysis.  Between the two refinements, it was possible to meet all stability
requirements without the aid of compression struts.

It was found, however, that rock anchors will be required to stabilize existing middle wall
monoliths M1-M4 and M6-M14 in order to resist new loading conditions which will exist when
these monoliths form part of the extended lock chamber.  Rock anchor requirements are further
explained in Section 9.5, Stability Analyses.
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9.4  CONSTRUCTION TECHNIQUES AND
PROCEDURES

This section describes the more unusual and difficult construction elements required for
the 600' lock extension alternative.  In this alternative, the wrap around culvert, float-in miter
gate bay, float-in lock wall monolith, and wall diffuser are critical elements, and the techniques
and procedures proposed for their construction are discussed in the following subsections.

9.4.1  Wrap Around Culvert
One of the key elements in extending the existing 600' lock to a 1200' lock is bringing in

additional water to retain the design filling rate for a lock that is twice as long.  As the existing
land and middle walls for the 600' lock are occupied with existing culverts and valves, it is
necessary to route the second intake culvert outside the land wall.  This concept is called the
"wrap around culvert".  The standard culvert section is rectangular, but a 16.5-foot diameter
conventional reinforced concrete round section is proposed, with flush bell and spigot joints and
O-ring gaskets.

The proposed wrap around culvert consists of three components:

1. An upstream intake structure with wing walls, which direct the water into the
culvert and retain the land on the upstream end of the culvert system.

2. Approximately 1200 linear feet of 16.5-foot diameter heavy-wall reinforced
concrete pipe installed on the land side of the existing land wall, with invert
elevation sloping 0.58% from El. 318 to El. 312 for approximately 1000 feet,
then dipping over the final length to invert El. 297.

3. A 45° elbow and short section which connects through the side of the new lock wall
monolith to the culvert manifold contained therein.

Recommended concepts for these three components are described below:

9.4.1.1  Intake Structure and Wing Walls
In order to construct the intake structure and wrap around culvert in the dry by utilizing

the existing sheet pile for installation, the new intake structure is positioned to the land side of
land wall monolith L31 (see Drawing 9.4.1A).  It is founded on prepared rock at approximate
El. 285 and extends up to El. 362 to match the top of existing lock walls.

The new intake structure is approximately 40' x 40' x 75' high. It contains a horizontal
water conduit through the structure with a 4-foot long 16.5-foot diameter pipe section cast into
the downstream face to serve as a starter point for the concrete pipe culvert.  At the upstream
face of the intake structure, the conduit flares to an oval that is 24' H x 17' V.  This flared
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entrance is designed to facilitate water flow into the culvert.  The upstream end is fitted with a
steel trash rack grating.  A horizontal concrete beam bisects the opening and serves as mid-span
support for the trash rack.  A 24' x 15' notch is cast in the top of the intake structure, from the top
down to El. 338.  Preliminary hydraulic model tests for the Robert C. Byrd site showed this
notch to be beneficial for the water flow into the conduit entrance.  Final hydraulic model testing
is required for final design of this notch and of the flared entrance to the culvert.

The intake structure and the intake wing wall will be built in-the-dry.  The location of the
new intake structure is behind existing land wall monoliths L-29 to L-31 and approximately 135
feet downstream of the existing mooring facility tieback sheetpile wall. The top of sheetpile is
EL 357.0 at land wall and slopes down to EL 348.5 at the end.  In order to construct the intake
structure, soil must be added upstream of this sheetpiling in order to form a berm (with a line of
sheetpiling along the centerline of the berm). The top of berm elevation should be high enough
for a six month construction duration during the drier part of the year.  The sheetpile and soil
berm cofferdam will allow faster and cheaper cast-in-place construction than would a cellular
cofferdam.  For dewatering purposes, preliminary designs indicate that it will be necessary to
extend the sheetpiling down to the top of rock, which is approximately El. 295.

The intake structure has a footprint of 40' x 40' and height of 75'.  Concrete wingwalls
frame into the intake structure.  A short wall (approximately 40 feet long) connects the intake
structure to the back face of monolith L31.  A vertical recess cast into the intake structure
supports the downstream edge of the wall panel.  Heavy steel corbels can be bolted to the wall on
L31 to support the upstream edge of the short wing wall.

A wing wall, which is approximately 300 feet long, angles upstream from the intake
structure to the reshaped river bank.  Its top is at El. 362 near the intake structure and slopes to
El. 352 at the far end.  This wing wall will be designed as a cantilever wall to support the earth
embankment.  The structural concept incorporates drilled shafts which are drilled into the base
rock in order to provide adequate fixity.  These shafts may require the steel casing to be left in
place (as preliminary designs indicate) plus substantial rebar for the final design moment.
Precast concrete walls are installed as facing panels.  These are connected to the shafts by means
of U-shaped precast shells which encapsulate the drilled shafts and provide space for rebar
anchors and tremie concrete which integrates the facing panel, the U-panel, and the vertical
shaft.  (See detail on Drawing 9.4.1A).   The tops of the drilled shafts are connected by a cap
beam comprising precast trough sections  filled with reinforced concrete.  A similar design was
developed for the lower landside approach wall at Olmsted Locks & Dam.

9.4.1.2  Intake Culvert
It is recommended that a 1200-foot long culvert be constructed with conventional

reinforced concrete pipe cast in 8-foot to 12-foot lengths to act as an intake culvert.  With an
assumed 24" wall thickness, the pipe sections will range from 70 tons to 105 tons.  The “Earth
Pressure Balance” tunneling system, described below, would use tunnel lining segments in
smaller sizes.  Flush bell and spigot joints with O-ring seals are proposed.

Because of their diameter and weight, the pipe sections would generally be delivered by
barge or cast by the supplier at the lock site on land provided by the general contractor.
However, the “Earth Pressure Balance” tunneling system would use concrete segment sizes that
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could be carried by truck over the highways.  Even with high mobilization costs for only 1200
feet of pipe, we believe that precasting and installing the large diameter pipe will be substantially
less costly than constructing a cast-in-place concrete rectangular culvert which is typically used
at lock sites along the Ohio River.  However, the principal advantage in using precast pipe is that
it speeds the installation, permitting the construction of the pipe and the downstream connection
to the lock wall in a single season, having installed the intake structure and wing walls in the
previous season.

Several construction methods have been studied for installing the 1200 feet of pipe up to
the 45° elbow.    The first 1000 feet are installed with the bottom of the pipe about 45 feet below
grade in soil.  The last section dips deeper and will involve a few feet of rock excavation for the
final length.  Because of the deeper trench and possible rock excavation, this final length plus the
45° elbow and transition into the new lock wall monolith will have to be constructed in a fully
excavated zone which must be dewatered.  Six construction methods were examined:

1. Conventional Pipe Jacking.  This method was considered for the approximately
1000-foot length of straight pipe. Conventional pipe jacking is generally used
for pipes which are in the range of 70" to 130" diameter in clays or silty soils,
sometimes crushing cobbles and other obstructions.  Boring attachments are
available with carbide teeth for drilling ahead through material with very high
blow counts (on the order of 100 to 200).  In the case of conventional pipe
jacking, dewatering is often required when jacking below the water table,
unless the jacking is done in clays or other "gooey" materials with a closed
face head where some seepage can be tolerated.  A well-point dewatering
system is often used when jacking through sands, but sheetpiling cutoff walls
are not usually required.

2. “Microtunneling” Pipe Jacking. This method was considered for the approximately
1000-foot length of straight pipe. Microtunneling is generally used for pipes
which are in the range of 40" to 80" diameter in gravel or sandy soils, possibly
below the water table, and a minimum of two pipe diameters below grade (in
order to prevent a "geyser" from forming).  The soil is excavated and carried
out of the tunnel in slurry pipes.  Microtunneling can also be performed
through some clay areas, although the production rate is slower.  The typical
production rate for microtunneling is approximately 30 feet/day although rates
of 80 feet/day can be achieved.  The largest diameter pipe that we are aware of
that has been placed using microtunneling was 144" in diameter.  The typical
spacing of jacking pit stations is 400' and the maximum spacing is
approximately 700'.  Microtunneling can be used with either steel or concrete
pipes, but, for the same inside diameter, concrete pipe jacking is more
expensive because a bigger jacking head is required.

3. “Earth Pressure Balance” soil tunneling method.  For the 1150 feet of straight
pipe, employing a large "mole" boring machine complete with soil removal
carts and tunnel liners.  Earth pressure balance is generally used for pipes
which are larger than 144" diameter.  The earth pressure balance system
consists of tunneling equipment with a sealed pressure plenum in the front 6
to 10 feet of the rotor cutter boring machine. Panels in the cutterhead open
when the cutterhead is in operation and these panels close when excavation
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stops and there is minimal pressure, preventing significant water flow through
the excavation tunnel.  A screw conveyor moves the excavated material from
the cutter head through the pressure plenum to the remainder of the tunnel
where the excavation material is carried off by carts or other conventional
means.  A major advantage of this system is that dewatering is not required.
The tunnel is usually lined with precast concrete segments installed behind the
advancing cutterhead.  Typically gaskets separate each concrete segment.

4. In-the-wet construction.  At the downstream end of the pipeline, excavate and flood
the full length behind the existing land wall and install the pipe using floating
equipment similar to that used in laying offshore outfall pipe.  To provide
upstream access for the floating excavating and pipe laying equipment, the
intake structure and wing walls, described earlier, could not be constructed
until after installing the culvert pipe.  In order to maintain the pool, a
temporary structure must be constructed between the landside face of the
existing land wall and the existing bank of soil.  The section of culvert
required at this location must be constructed after this temporary structure is
removed.

5. Excavate a slope.  Excavate a slope sided trench to permit setting the pipe sections
by conventional methods and equipment.  The excavation can be performed
using large scrapers and bull dozers.  At the bottom of the first stage trench,
two rows of sheetpiles support a 15-foot deep ditch excavated to the final
bedded location of the pipe.  This shallow sheetpile  trench  will reduce the
amount of sloped excavation and minimize the quantity of sheet piling
required.

6. Use a braced excavation.  Use a braced excavation 24 feet wide by 50 feet deep, to
limit excavation, ensure existing monolith stability, and to provide protection
for labor and equipment setting the pipe sections.  The braced excavation
could be constructed using sheetpiling, walers, and struts.

Methods 1, and 2 were rejected for the following reasons:

Jacking 16.5-foot diameter concrete pipe by conventional methods or microtunneling
methods is substantially beyond the size of concrete pipe currently installed by state-of-the-art
jacking techniques.  Based on conversations with a tunneling consultant, a pipe-jacking
contractor, and a pipe jacking  equipment supplier, the largest concrete and steel pipes which
have been jacked are 96" diameter and 144" diameter, respectively.  Two considerations were
cited:

•  The number of jacks, size of the jacking ring, and the reaction block would be well
beyond current practice and would be very costly.  Also jacking pit stations
would be required at approximately every 400 feet.

•  Cutting and removing the soil at the advancing face would require special
equipment to be developed and large removal effort to slurry the soil and
pump it out of the pipe.  Dewatering the site by a well-point system may also
be required.
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Method 4 is rejected for the following reasons:

Flooding the rear side of the land wall and using floating equipment to excavate and set
the pipe sections was rejected because:

•  Excavating a trench underwater, or flooding a partially excavated trench, would
result in very flat soil slopes which would affect the ground for considerable
distances back from the Land Wall and undermine the service buildings and
landscaping.

•  The cost of mobilizing floating equipment for this work would be extremely high
for the relatively small amount of pipe line to be laid.

•  Underwater pipe laying is beyond the experience of the vast majority of contractors
that would otherwise be interested in bidding for this project.

That leaves Methods 3, 5, and 6 which are most probably the pipe installation methods
that would be employed by the contractor.  Methods 5 and 6 are illustrated in Drawings 9.4.1B
and 9.4.1C for OPTION "A" (sloped trench excavation) and Drawings 9.4.1D and 9.4.1E for
OPTION "B" (using deep, braced excavation).  The “Earth Pressure Balance” soil tunneling
method is OPTION "C" and was described in Method 3.

OPTION "A"

Option "A" shows an excavation with sloped sides to an elevation about 10 feet above the
invert of the culvert.  Then, a 14-foot deep narrow trench is excavated using unbraced sheet piles
to contain the bedding gravel and set the pipe (See Drawings 9.4.1B and 9.4.1C).  Laying the
pipe starts at the intake structure and moves downstream to culvert Sta. 15 + 50 where the slope
steepens.  A modified precast pipe section is used to change the vertical slope from 0.4% to
approximately 30% for the last 50 feet.  A thrust block or inclined rock anchors may be required
to handle the longitudinal reaction on the pipe arising from  the vertical slope change.

It is expected that rock will be encountered as the pipe trench dips during the final 50 feet
of culvert prior to the 45° elbow.  When this occurs, the use of the shallow trench is abandoned
and sloped excavation all the way to the rock line will be required (See culvert Sta. 16 + 00 on
Drawing 9.4.1C).  An access road will be required to permit access for equipment operating on
the floor of the excavation and for heavy trucks carrying the precast pipe sections.

It is anticipated that a well-point system will be necessary to keep the excavation and
trench dry and safe for installation of the pipe.

From approximate culvert Sta. 12 + 40 to Sta. 11 + 70, special slope protection may be
required to prevent undermining the sewage treatment plant located on top of the service berm.
If final geotechnical analysis shows that a 2:1 excavated slope has marginal stability, special
protection of the service buildings will be necessary.  Drawing 9.4.1C shows a short section of
sheet pile between the building and the excavation.  Other options can be evaluated for
protecting these buildings.
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OPTION "B"

Option "B" employs a 24-foot wide vertical trench with braced sheetpiling, which
reduces the cost and problems of a sloped excavation.  Offsetting these savings, of course, is the
cost and risk associated with a 50-foot deep braced excavation.

Drawings 9.4.1D and 9.4.1E show two rows of Z-sheetpiles forming the trench, braced
with two sets of heavy waler beams and compression struts.  With the 20-foot O.D. concrete
pipe, the lowest row of struts may be a minimum of 23 feet above the floor of the trench.  With
rock in the region of El. 290,  there may not be sufficient penetration at the bottom of the trench
to restrain the tips of the sheetpiles.  If restraint is required below the lowest row of compression
struts, it may have to be provided by drilled in anchors which are expensive, lengthen
construction time, and complicate the pulling and re-use of the sheetpiles.  Alternatively, it may
be possible to place a row of struts at the bottom of the trench, abandoning them in place beneath
the bedding gravel.

As with Option "A," it is anticipated that a well-point system will be necessary to draw down the
water table and keep the excavated trench dry.

OPTION "C"

The “Earth Pressure Balance” method of construction for OPTION "C" is considered
technically feasible and, based on preliminary data, is anticipated to be economically competitive
with OPTION "A" and OPTION "B."

This option has the advantage of not requiring large amounts of open trench excavation.
Existing operations at the Lock would be less disrupted by this construction method.  Lowering
the local water table level with a well-point system would not be required.

Soils data is one of the most important pieces of information needed in order to determine
the cost of OPTION "C," which is more sensitive to the soil type than the other two options.  A
recent bid for a project in Oregon was approximately $27 million for 7000 linear feet of a 16-
foot diameter tunnel.  This equates to $3850/ft, using the earth pressure balance method.  For
projects with a shorter length of pipe, such as the John T. Myers wraparound culvert which is
approximately 1200 feet long, the cost per foot would be significantly higher.

9.4.1.3  Recommendation for Installation of Culvert Pipe
Based on preliminary information, Options "A," "B," and "C" are all technically feasible

and economically comparable, but each option has its own set of risks.  For further refinement,
more detailed geotechnical information, design of the sheetpile trenches, and development of
detailed cost analyses is required.  It is recommended that each of these options for the
construction of the wrap around culvert be carried forward to the DM phase.  Ultimately, unless
one of the options is rejected for technical reasons or risks unacceptable to the Corps, the
contractor should be permitted to select a preferred option.  For purposes of schedules and cost
estimates, an intermediate option between Options "A" and "B" (see Drawing 9.4.1F) was
assumed.  It was assumed that a bench cut was made by making a 20-foot deep open excavation
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and the remaining excavation was accomplished by braced excavation, using sheet piling and
struts.  It was further assumed that the wrap around culvert construction would be broken up into
approximately four segments, backfilling one segment before proceeding to the next one.  In this
way, the quantity of sheetpiling and bracing required could be reduced.

9.4.1.4  The 45°°°° Elbow and Connection into the New Lock
Wall

At the end of the straight run of culvert, there is a 45° elbow followed by a short tangent
run of culvert and the final connection to the new lock wall.

As this work is close to the downstream end of the new lock extension, it is anticipated
that a cut-off structure and full dewatering will be required.  A sheetpile cut-off wall braced with
fore and aft berms should be sufficient to cut off water flow back into the existing river bank.  As
there is 500 feet of new lock wall structure, previously installed by float-in and set-down
techniques, there is ample room for this sheetpile / berm cut-off wall downstream of the entry of
the wrap-around culvert into the new lock wall.  A vertical section of a sheetpile knuckle could
be cast into the landside face of the new wall to serve as the starter for the sheetpile wall.  The
continuation of dewatering well points in this excavated area is anticipated.  The section at L3 on
Drawing 9.4.1C shows this construction.

The final length of wrap around culvert can be considered in three sections:

1. The 45° elbow is located in a region of the culvert profile where there are both
horizontal and vertical curves.  If both these horizontal and vertical curves
occur together at the elbow, then the elbow should be cast-in-place.  However,
it is possible to take the vertical change out in one precast section and
construct the 45° horizontal bend in a subsequent precast section.  This detail
can be evaluated during the DM phase.  At the culvert bends, large forces are
generated due to the change in water flow direction.  These forces must be
taken into the rock foundation by means of large thrust blocks which are built
on the outside of the curves and anchored into the bedrock.

2. Between the 45° elbow and the transition into the lock wall, there is approximately
30 feet of tangent culvert.  Sections of conventional 16.5-foot diameter
reinforced concrete pipe can be used here.

3. Finally, there is the transition into the wall of the new lock wall, which should be
cast-in-place.  This section of the culvert provides the opportunity to convert
the circular cross section to a rectangular section which serves as the manifold
for the laterals as they exit into the floor of the extended lock.

See Section 22.2 for the recommended construction schedule for the wrap around culvert.
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9.4.2  Float-In Wall Monolith

9.4.2.1  Design
The float-in wall monolith will be constructed in a manner similar to that described in the

following section for the float-in gate bay monolith.  Many of the same construction methods
will apply.  The various phases of construction are shown on Drawings 9.4.2A and 9.4.2B.

The wall monolith is 463 feet long and 55 feet wide at the base, including the monolith
toe and heel.  The wall monolith steps to a narrower width of 36 feet above elevation 305.  The
monolith incorporates a culvert within the structure as well as six connections to the laterals
located in the new portion of the lock.

Its length is a critical parameter in selection of the construction method for the float-in
portion of the work.  If it proves too costly to find a site to construct the 463-foot length, it is
possible to construct the monolith in two sections and connect them at the site before completing
construction and placing the monolith.

9.4.2.2  Stability
Due to its narrow width, its stability will be an important issue in the design.  The

stability during the float-in operation is less critical, but as the height of the structure is
increased, the stability decreases.  The situation is made worse as the base portion of the
structure is submerged and the width at the waterline decreases to 36 feet.  The location of
ballast, at this phase of construction, is critical to maintain stability.  At this time, a two
dimensional analysis of the structure has been completed and stability appears adequate.  This
will need to be monitored as design continues.  If necessary, the stability may be controlled with
the aid of guide dolphins and/or supplemental buoyancy tanks.

The invert of the culvert and lateral connections is at El. 297.  During the transportation
phase of construction, the water surface is only about 2 feet below this invert.  These openings
will need to be bulkheaded.  As construction proceeds and the culvert is completed, it is
necessary to keep water out of the culvert.  This will require full bulkheads over all eight
openings.  When the structure reaches El. 334, the volume of the culvert can be flooded without
unduly affecting the stability of the structure.  At this time, the bulkheads could be removed by
divers.



J.T. Myers & Greenup Locks Improvements − MYERS ENGINEERING APPENDIX Page 9-18

9.4.3  Float-In Miter Gate Bay

9.4.3.1  Off-Site Construction
The design of a float-in monolith for the miter gate bay must satisfy several constraints.

It must have:

1. Minimum draft for transportation.
2. Strength for transportation and placement
3. Means to provide location and support during placement
4. Means for placement of concrete fill.

The Gate Bay Monolith (GBM) is shown on Drawings 9.4.3A through 9.4.3C.

The first step in constructing this U-shaped monolith, is to construct a base raft which is
capable of floating and supporting wall construction above while afloat.  We have identified two
methods for construction of the float-in base raft module which satisfy the system constraints.
They are construction in a dry dock, or construction on a submersible barge.  In the first case, the
location of the facility is not defined at this feasibility level stage although the decommissioned
Gallipolis lock has been considered.  The Gallipolis site can be retrofitted for fabrication of the
entire raft in one piece or submersible barges can be leased for fabrication of the raft structure in
two shorter pieces.

Gallipolis site would require adjustment by the Government to make it immediately
useable by the raft fabrication contractor.  The work to the existing Gallipolis lock includes
filling the lock with crushed stone capped by a concrete slab to elevation 520 (approximately 24
feet of fill), and installing a gate upstream of the upstream miter gate sill.  We have assumed a
submersible gate would be used for this purpose.

The Gallipolis site is potentially an excellent site for fabrication of the raft structure.  This
site also has the possibility of being a permanent asset to the Corps for future float-in
construction at other sites on the river system.  With a one-time investment, the Corps could
eliminate or substantially reduce dry dock and/or submersible barge costs on future projects.

Use of commercially-available barges requires the contractor to identify and secure a
lease on an appropriately-sized barge for the approximate one-year duration of the raft
fabrication and off-loading.  In addition, the contractor will need a location with sufficient water
depth to begin fabrication of the two pieces of the raft structure.  Either a commercially-available
barge could be retrofitted for this submersion operation or submersible barges could be leased.

We estimate that the cost of retrofitting the Gallipolis site is between $2.5 and $3 million,
and the cost of leasing and adapting a submersible barge for a 12-month period is approximately
$2.0 to $2.5 million.  Subsequent to the Olmsted floating approach wall construction, other dry
docks may also be available.

In order to transport the module from the construction site to the lock, the draft must be
limited.  For this feasibility effort, the draft has been limited to approximately 11 feet.  Since the
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minimum guaranteed channel depth is 9 feet, some restrictions must be placed on what time of
year the module can be transported if it is constructed in a dry dock.  However, if the module is
constructed on a submersible barge, it may be possible to increase the float-in structure depth
somewhat and eliminate the delivery restrictions.

The float in module would be constructed of reinforced concrete.  Prestressing of
components subjected to high stresses during transportation and placement may also be
necessary. As design progresses, the use of precast elements may provide some cost and weight
savings, although their use would require post-tensioning.

The base of the GBM will be founded at El. 284.  The top of the sill between the side
walls will be El. 305.  This difference yields a possible module height of 21 feet.  A portion of
the sill downstream of the miter gates extends 3 feet higher to El. 308.

9.4.3.2  Transportation
If the float-in base raft includes a top slab, then the draft of this 21-foot high module will

be significantly greater that 11 feet.  Because of this, the float-in module will be constructed
without the top slab, reducing the draft to an acceptable 11-foot amount, and floated to the site.
At the site, the sill slab will be completed.  The freeboard available during transportation of the
module is approximately 9 feet.

The structure is constructed with interior walls, which provide structural integrity.  They
also divide the interior into separate compartments, which will limit flooding if the structure is
damaged during shipment.  The issue of safety during transportation will be addressed as the
design proceeds. A drain system will be provided in the base module, which will allow water to
be pumped from the bottom of the structure.  The pumps for this drain system should be sized to
protect the structure in the event of structural damage.

The transportation of the base module without the top slab has several advantages.  The
elimination of the sill floor slab eliminates the need for supplemental flotation.  This should
reduce costs and simplify transportation.  Also, maintaining vertical access from the top of the
structure at the side wall areas will facilitate placement of fill concrete.

9.4.3.3  Design
The current design utilizes the following sizes for structural elements.  The base slab is

18 inches thick.  The interior walls, which supply support for this slab, are located at a maximum
spacing of 18 feet.  These dimensions yield a bending stress in the bottom slab of about 600 psi
during transportation of the module.  This stress is counteracted by stressing the module to an
average prestress of 600 psi.  This would meet a zero tension design criteria, if required for
temporary construction loading.  This design criteria is conservative.  It may be possible to
reduce the weight of components if a design allowing tension in the concrete is allowed.  This
tension criteria should be considered since the stresses in the concrete are low after it is filled
with concrete and watertight construction is not an issue as the GBM, in its final condition, is a
gravity monolith; not a permanently floating structure.
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Exterior walls of the base raft are 18 inches thick, minimum, while the interior walls are
10 inches thick.  Upper exterior walls are 1'-4" thick.  This interior wall thickness allows them to
be constructed as cast-in-place with two layers of reinforcement.  A thinner wall could be
utilized if precast elements were used.  The upper slabs are 18 inches thick.  These only
withstand loads during transportation and construction.

Construction of a rectangular culvert within the monolith requires extra thickness in walls
and floor elements.  This leads to an increase in the required draft of the structure.  The effect is
more pronounced since the extra weight is highly eccentric. To counteract the additional weight,
external flotation may be required.

In order to simplify the design and avoid the high bending moments, the culvert design
was changed to a round conduit, 16.5 feet in diameter.  The conduit is constructed using a steel
liner.  The liner functions as an interior form.  It is supported at the interior walls of the structure.
It is located so that the minimum concrete cover surrounding it is 3.5 feet.  The steel form liner
serves no permanent structural purpose, and does not need to be painted or maintained.
Reinforcement will be installed around the liner during initial construction.  When the space is
filled with concrete it will reinforce the conduit structurally.

After the module is transported to the site, additional construction would take place at a
temporary, deep draft, moorage facility near the final location.  The first step is to construct the
sill slab.  After completion of the sill slab, the walls on either side of the GBM will be raised.
These can be slipformed; however their limited elevation would probably make conventional
forming systems more cost effective.

Construction of the gate bay will require large amounts of structural and fill concrete.  A
batch plant on site will be required for efficiency.  Efficient crane access to the module will also
be required.  This could be supplied by either barge-mounted cranes or tower cranes located on
the module.

The wall structures of the gate bay can be constructed of either cast-in-place concrete or
precast concrete elements.  It may be most practical to use a combination of these techniques.

As the wall structures are completed, the structure will float deeper in the water.  As the
draft increases, the stresses on the bottom of the structure will increase.  Several methods are
available to resist these forces.  The first is to add additional structure to provide support for the
bottom slab.  These walls could be in the form of partial height walls in the lower level.  They
would decrease the span in the bottom slab.  They could be constructed as soon as the module
was delivered to the site and additional draft is acceptable.

A second method to control the bottom slab stresses is to place concrete ballast in the
lowest level of the module compartments.  The weight of this concrete fill will act to resist the
hydraulic forces.  The fill concrete could also be detailed with reinforcement to add to the
strength of the floor slab.  Reinforcement used for this purpose could be installed as part of the
original construction effort so that only concrete placement would be required at the site.

A third alternative is to place structural columns between the upper and lower slabs.  As
the sill structure submerges, hydraulic forces will increase on both the upper and lower surfaces.
Columns between the two can resist these forces.  One possibility is to utilize steel pipes for
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these columns.  They could be detailed so that they would penetrate the upper and lower slabs,
which would provide access to the area below the sill for the underbase concrete placement.
When is completed, the pipe sleeves would be filled with concrete.  Details of this arrangement
are shown in Drawings 9.4.3C.

When concrete wall construction is completed to a height of greater than 40 feet (which
will correspond to the low pool elevation of 324.0), the GBM can be permanently placed.  A top
of outermost exterior wall elevation of 362.0 was used for this study in order to minimize closure
of the existing 1200' lock.  The exterior walls which will form the extended 600' lock chamber
walls will be constructed to El. 338 in order to accelerate bulkhead placement and to provide 14
feet of freeboard over low pool when the unit is installed.  This will provide sufficient freeboard
for continuation of construction after the gate bay is in place.  In order to provide support for the
outermost exterior walls, the transverse interior walls will be constructed to El. 355 at the
intersection with these outermost walls and will step down at El. 338.  Construction of the unit to
a greater height would reduce the chance of the structure being flooded and the associated
schedule delays but would require deeper dredging of the channel.

9.4.3.4  Temporary Support
The GBM must be supported in its final location before it can be concreted in place. Its

longitudinal restraint can be provided by adjacent structures since it is one of the last major
structures to be placed.  Provisions are easily constructed on the wall monolith for an adjustable
guide to locate the gate bay.

The vertical support of the gate bay can be provided by several methods.  The most
straight forward is to construct pedestals on the bottom of the excavation.  This surface is
excavated rock and is expected to have reasonable bearing capacity.  The entire weight of the
GBM does not need to be supported, since adjustment of its ballast can make it negatively
buoyant to any desired amount.  The structure should be grounded using ballast with sufficient
load to resist movement from currents and forces associated with the underbase concrete
placement procedure.  After the gate bay is in place, the flat jacks on the pedestals could be
adjusted to the desired elevation and filled with grout to provide permanent support while the
space under the structure is filled with concrete.

It is recommended the flat jacks be set into a recess in a thickened area of the keel slab
during gate bay construction at the dry dock.  This will protect them from damage during the
placement of the structure.  The piping to the flat jacks can be cast into the concrete.
Connections would be located at the base of the structure perimeter where they can be easily
reached by divers.  Due to the range of adjustment required, multiple flat jacks will be used.
They will be free to expand downward from their keel slab recess when pressure is applied.
After the structure is in its final position, grout will be pumped into the jacks to finalize the
structure's position.

An alternative to the pedestal support system is to provide jackup legs within the
structure.  Although the required sizes would be determined at the later design phases, the legs
are anticipated to be 16-inch diameter pipes and would extend from an elevation at the top of the
structure at the time of positioning through the bottom to the rock surface (see Drawing 9.4.3C).
The legs would be located in wells provided by an 18-inch diameter pipe.  These wells would be
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incorporated into the concrete structure.    At the top of the well, a hydraulic jack would provide
force to raise the structure on the jacking leg.  An adjustable yoke would extend over the jack to
facilitate the positioning of the legs.  The legs would be located within the wall sections of the
GBM.  Tremie concrete pads would be placed in the support locations over the excavated rock.
The surface should be reasonably level, but the elevation is not critical.

No support is provided for the gate bay sill between the two walls. To avoid overstressing
the sill, it is necessary to ballast the floor section so that it is nearly neutrally buoyant when it is
submerged.  The bottom slab is designed to withstand the local effects of bending between the
supports, but additional stress due to global bending of the structure may be detrimental.  This
issue needs further review as design continues.  The ballast necessary to meet this criterion
should be placed before the floor structure is submerged.

If jacking legs are used, than the structure will be ballasted to a position slightly lower
than its final elevation.  The jacking legs will then be lowered into position and extended by the
jacks to pick up some initial load.  At this point, the jacks could be adjusted to level the structure.
After the structure is in place, the jacking locations could be shimmed.  Additional ballast can be
added to the structure to provide the required downward force.  If any adjustments need to be
made at this time, the jacks could be unshimmed and adjusted as necessary.  The capacity of the
jacks and legs should be sufficient for support in the final condition before the under-base
concrete placement takes place.

9.4.3.5  Underbase Concrete Placement
The underbase concrete placement must fulfill two requirements.  First, it must provide

adequate support for vertical and lateral loads imposed by the gate bay.  Second, it must provide
a seal with minimal leakage beneath the structure.  Since the concrete is significantly stronger
than the rock below it, the critical issue is to provide continuous support for the bottom of the
slab.   Large voids below the structure may result in excessive stresses on the structure.  If
interconnected, these voids have the potential to allow inflow of water when the lock is
dewatered.

To facilitate underbase concrete placement, the pipe column penetrations at the sill could
provide access to the space below the structure.  These pipes will be about 18 inches in diameter
and will be left open at both ends.  A concrete pipe will be used to place the concrete through the
pipe column.  In this manner, the concrete placement operation could be moved to another
location by moving the concrete pipe and placing it in another pipe column.  Riser tubes should
be provided in the wall areas of the GBM to facilitate grouting beneath those areas.

A flowable concrete mix would be used for the underbase concrete.  This mix could have
a large slump and contain additives, to minimize the tendency for cement to wash out.  Water
reduction agents could be used which would act as a plasticizer.  A retarding mixture to increase
setting time for the mix could also be used.  The concrete could be placed from the center of the
structure and allowed to flow to the perimeter.  At the perimeter, the concrete will be contained
by the sides of the rock excavation.  It will flow up the sides of the structure for a minimum
distance.  This concrete at the side would help resist lateral movement of the structure.



J.T.Myers & Greenup Locks Improvements−MYERS ENGINEERING APPX     Page Rev'd April 2000 Page 9-23

9.4.3.6  Concrete Fill
After underbase concrete placement of the GBM is finished, placement of the interior

concrete must be completed.  Access to the compartments in the sill is difficult.  Pipes for
pumping and venting concrete in these spaces should be installed during initial construction of
the float-in structure.  Since access to the bottom level of the wall portions of the monoliths can
be maintained, these pumping and venting pipes can be routed directly to the sides.  This will
eliminate bends which increase the likelihood of concrete blockage.  The concrete supply pipes
will be located at the bottom of the compartments while vent pipes will be located at the top.
Extra pipes should be provided in case the placement of concrete fill is interrupted and the pipe
is blocked.  It may be necessary to place the concrete in lifts to minimize heat and shrinkage
problems.  Before the concrete is placed, ballast water can be pumped from a number of
compartments at one time through the concrete placement piping.

To reduce voids, it may be advantageous to fill the majority of the compartment with
concrete while maintaining a void at the top.  This void could then be filled with a grout mixture,
which could be injected under a higher pressure and vented from the opposite side of the
compartment.

Placement of fill concrete in the wall areas of the GBM can be easily completed from the
top of the structure.  Since vertical access is maintained, precast blocks of concrete could also be
used in order to reduce heat and shrinkage of the placed fill concrete.

Above El. 334, the walls can be either cast-in-place or precast concrete (in which case,
they would be lifted into place).  These additional walls above El. 334 would be cast before the
concrete fill operation was completed.  This cast-in-place or precast structural concrete would
provide the required machinery and access spaces in the monolith.

9.4.4  Float-in Wall Diffuser Monolith
This section describes the design and construction methods developed for the wall

diffuser.  This structure is located downstream of the lower miter gate.  It is used to discharge
water from the culvert system into the area landside of the lock land wall and dissipate energy
from this outlet flow.  In order to minimize navigation disruption downstream of the locks, the
wall diffuser should provide a uniform distribution of flow as it mixes with water in the
downstream approach.

9.4.4.1  Design Considerations
The diffuser used for this design uses the hydraulic design of previous wall diffusers,

similar to standard discharge manifolds.  The wall diffuser is 111 feet long and 42.5 feet wide.
The water enters from a culvert at one end.  The culvert is ellipsoid-shaped, approximately 18
feet wide by 16.5 feet high at the entrance to the outlet.  This culvert transitions to a rectangular
section, 20 feet wide by 15 feet high through a transition zone which is approximately 10 feet
long.  Through another transition zone that is approximately 34 feet long, the culvert then
decreases in height to 13 feet high at the first port.  The invert elevation is level at El. 291
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throughout its length.  (Prior to final design refinements, the invert elevation was El. 296, as
shown in the referenced drawings.)

Flow is distributed from the outlet structure culvert to eight ports on the landside.  Each
port is 4.5 feet wide by 7 feet high.  These ports discharge the flow directly to the landside.
Riprap will be placed on the riverbed and riverbank in the vicinity of the outlet in order to
provide scour and slope protection.

9.4.4.2  Construction Method
The float-in wall diffuser will be constructed in a manner similar to that described in the

previous sections for the float-in wall monolith and float-in gate bay monolith.  Many of the
same construction methods will apply.  The various phases of construction are shown on
Drawings 9.4.4A and 9.4.4B.  (In final design refinements that are not reflected in these
drawings, the top of monolith elevation was reduced to El. 311.  This change resulted in
significant cost savings.  However, the associated changes in construction method have not been
addressed.  As the top of monolith will no longer extend above the waterline, revised
construction procedures will be necessary.  The revised construction approach will be
investigated and finalized in future design phases.)

As can be seen from these drawings, the base raft is constructed without a top slab in
order to minimize its draft during transportation from the graving dock to the construction
moorage area at the site.  Its draft is approximately 11 feet at this stage, which is only 2 feet
greater than the minimum navigable channel depth of 9 feet.  Therefore, it may be easily towed
to the site during the high water periods of winter and spring.

At the construction moorage area, construction of the exterior sidewalls and supporting
interior walls continue.  At this area, the structure will have a maximum draft of 21 feet.  The
construction moorage area and connecting channel to the diffuser's final location will be dredged
to El. 300, which should be adequate to allow this draft for transport over a short distance for a
brief period of time.

Due to the wall diffuser's narrow width, its stability will be an important issue in the
design.  The stability during the float-in operation is less critical, but as the height of the
structure is increased, the stability decreases.  The situation is most critical when the structure is
still in the temporary moorage area and ready to tow to its final location.  The location of the
ballast, at this phase of construction, is critical to maintain stability.  Preliminary buoyancy and
stability calculations have been completed and, based on the structure's metacentric height,
stability appears adequate.  This will need to be monitored as design continues.

The invert of the culvert and diffuser ports is at El. 291. (Prior to final design
refinements, the invert elevation was El. 296, as shown in the referenced drawings.)  There are
eight openings for the ports and one opening for the culvert.  As construction proceeds, and the
culvert is completed and submerged, it is necessary to keep water out of the culvert.  This will
require full bulkheads over all nine openings.  When the shell structure reaches El. 334 and is
towed to its final location, the shell structure compartments will be ballasted to lower the
structure to El. 287.  At this point, the bulkheads may be removed by divers.
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9.4.5  Upper Middle Approach Wall Pylon
Protrusion

9.4.5.1  Pylon Protrusion Description
A pylon protrusion will be attached to the upstream end of existing monolith M38 in

order to provide lateral support for the new upper middle approach wall pontoon.   The existing
monolith M38 nose radius is 15’-6”, and the entire nose concrete is protected by a steel plate
from approximately El. 342 to El. 362 with corner armor at the top (reference drawing OU
200.1/48).  The steel plate is 3/4” thick and anchored to the nose concrete with 3/8” x 2” x 18”
steel plate straps spaced at 1’-6”, horizontally and vertically.

The pylon protrusion size has been determined by the following water pool elevations:

•  Max. Operating Pool Elevation = El. 359
•  Min. Operating Pool Elevation = El. 342
•  Max. Flood of Record Elevation = El. 377
•  Top of Existing Monolith M38 Elevation = El. 362

Preliminarily, the pylon was sized to be 9’ wide x 8.5’ long x 43’ tall, extending from
El. 339 to El. 382.  Upper middle pylon protrusion details are shown on Drawing 6.0L.

Precast concrete shells will be used for the pylon protrusion, and these shells will also be
used as concrete forms for the concrete placement inside the shell.  The pylon protrusion consists
of two shells, forming the bottom and top portions.    The bottom portion is 28-feet tall, and this
structure will be supported and restrained on the top of monolith during construction.  The top
portion is 15-feet tall, and it will be place on the bottom portion after the completion of bottom
shell construction.   The bottom shell weight is approximately 180 kips and the top shell weight
is approximately 85 kips.  Therefore, the crane lifts should be reasonable, and construction
handling should not be difficult.

The bottom portion of the structure will be anchored to the existing monolith using 1-3/8”
diameter high-tensile bar rock anchors (“Willams” super-high tensile ‘Spin-Lock’ rock anchors
or equal), requiring 2-1/4” diameter horizontal holes through the existing monolith steel plate
armor and vertical holes at the top of monolith.  The anchors will be attached to the existing
monolith structure and post-tensioned.  The barge impact force (shear) will be resisted by 7/8”
diameter headed studs welded to the existing nose steel plate armor.

9.4.5.2  Fender Configuration
Transverse fenders are anticipated to be Bridgestone SM800 (or equal) with 3000 mm

(118”) tall contact surfaces, the longitudinal fender is SM1000 with 1000 mm (39”) tall contact
surface.   All fenders are installed on the end of the pontoon.
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Stainless steel plates will be attached to the fender contact surfaces and bear on UHMW
plastic pads attached to the pylon protrusion.    Assumed UHMW pad width is 6 feet, based on
an assumed 18” maximum pontoon displacement in any direction due to barge impact.

9.4.5.3  Construction Sequence
The anticipated steps required for the pylon protrusion construction are given below:

1. Drill vertical holes at the top of the existing monolith for reinforcing bars.  Install
bars and fill void with non-shrink grout.

2. Install panel restrainers at the top of existing monolith.  The anchor bolts shall be
finger tight.

3. Install precast concrete pylon protrusion bottom shell against the existing monolith
and the restrainers.  Place the restrainer against the shell and tighten the
anchor bolts.

4. Dewater inside the shell and weld the headed studs on the existing steel armor plate.
Weld struts inside, between the shell walls.

5. Using horizontal pile sleeves in the shell as guides, drill horizontal holes through
the existing steel armor plate for the anchor bars, alternating 10-foot and 6-
foot embedment lengths.

6. Stress the anchor bars, and grout according to the manufacturer’s directions. Weld
corner plates to cover the anchor heads of the anchor bars.  Fill the corner
cavities with sand/cement grout pumped in from the bottom.

7. Install reinforcing bars, and place concrete inside the shell to El. 364.

8. After concrete has reached a minimum strength of 2,000 psi, install precast concrete
pylon protrusion top shell on top of the bottom shell.

9. Install reinforcing bars, and place concrete inside the shell to the top of pylon,
El.382.  Place grout around vertical reinforcing steel bars.

9.4.6  Lower Middle Approach Wall Pylon
Protrusion

9.4.6.1  Pylon Protrusion Description
A pylon protrusion will be attached to the downstream end of the new float-in miter gate

bay structure to provide lateral support for the new lower middle approach wall pontoon.  The
pylon protrusion will be constructed after the completion of the miter gate bay construction.  The
structure above elevation 362 will be a mushroom-shaped shield structure that will be anchored
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to the top of the miter gate bay structure.  It protects the pontoon from debris and runaway barges
during flood conditions.

The pylon protrusion size has been determined by the following water pool elevations:

•  Max. Operating Pool Elevation = El. 359
•  Min. Operating Pool Elevation = El. 324
•  Max. Flood of Record = El. 377
•  Top of New Miter Gate Monolith Elevation = El. 362

Preliminarily, the pylon was sized to be 9' wide x 11.5' long x 66' tall, extending from El.
316 to El. 382. Lower middle pylon protrusion details are shown on Drawing 6.0M.

One precast concrete shell will be used for the pylon protrusion, and this shell will also
be used as the concrete form for the concrete placement inside the shell.  The shell will be
vertically supported on a corbel at El. 316 of the miter gate bay structure and laterally restrained
on the top of this structure during construction.  The shell weight is approximately 340 kips.
Alternatively, if this lift is too heavy, the shell may be constructed in two 170k pieces.

The gate bay structure has a shear key at the pylon location to resist the lateral force on
the pylon, and reinforcing steel bar dowels extend from this structure in order to splice with the
reinforcing bars in the pylon protrusion.  The structure below El. 362 will be anchored to the
miter gate bay structure, and the structure above El. 362 will be anchored to the shield structure.

The fender configuration will be similar to that described in Section 9.4.5.2 for the upper
pylon protrusion.

9.4.6.2  Construction Sequence
The anticipated steps required for the pylon protrusion construction are given below:

1. Install the panel lateral restrainers at the top of the miter gate bay structure.

2. Lift the precast concrete pylon protrusion, and place it on the corbel built into the
miter gate bay structure.  The entire shell weight will be supported by the
corbel.  Anchor the shell to the lateral restrainer at the top of gate bay
structure.

3. Dewater inside the shell and place reinforcing bars inside it.

4. Place a 10 to 12-foot lift of concrete and wait until the concrete has reached a
strength of 2,000 psi minimum.  Repeat this step, as required, to fill the
concrete inside the shell to El. 362.

5. Construct the mushroom-shaped shield structure on top of the miter gate bay
structure, providing reinforcing bar dowels which will splice to the reinforcing
bars in the pylon protrusion.
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6. Place reinforcing bars and concrete inside the shell to El. 372.  After the concrete
has reached a minimum strength of 2,000 psi, place concrete inside the shell
to elevation 382.

9.4.7  Lower Landside Approach Wall Pylon
Protrusion

9.4.7.1  Pylon Protrusion Description
A pylon protrusion will be attached to the downstream end of the new float-in miter gate

bay monolith (prior to final design refinements, the pylon protrusion was attached to the landside
wall diffuser, as shown in the referenced drawing) in order to provide lateral support for the new
lower landside approach wall pontoon.  The landside pylon protrusion will be constructed very
similarly to the lower middle pylon protrusion and will have a very similar geometry. Lower
landside pylon protrusion details are shown on Drawing 6.0N.

9.5  STABILITY ANALYSES
A three dimensional stability analysis was carried out for the new float-in miter gate bay.

Two dimensional stability analyses were performed for the new float-in land wall monolith and
landside wall diffuser.  Stability analyses were also performed for existing middle wall monoliths
M-2, M-3, and M-9, as well as modified existing land wall monolith L-3.  The middle wall
monoliths investigated were assumed to be typical for monoliths M-1 to M-4 and M-6 to M-14,
and the land wall monolith investigated was assumed to be typical for monoliths L-2 to L-5.  In
addition, the construction condition was checked for existing monolith L-7 to ensure that
stability requirements were met during wrap around culvert construction.  Allowable bearing
pressures, overturning stability, and sliding stability were investigated for each monolith.

The stability analyses followed the criteria presented in the design basis in Section 5.2.
The results of the stability analyses are presented in Table 9.5A.  For the new monoliths and
existing land wall monoliths, overturning stability was satisfied and bearing pressures kept below
allowable levels by adjusting toe and heel dimensions.  However, as can be seen from Table
9.5A, the existing middle wall monoliths did not meet stability requirements under their new
loading conditions.  Furthermore, modifying their heels and/or toes would either require
undesirable closures of the existing 1200' lock or interfere with the new laterals.  Therefore, rock
anchors are recommended for stabilization of monoliths M-1 to M-4 and M-6 to M-14.  The
preliminary analyses and designs indicate that monoliths M-6 to M-14 will require
approximately 80, 27-strand anchors (or 58, 37-strand anchors), in total, for this 400-foot length
of existing middle wall.  These anchors will be divided into two rows, with one row at each face
of the monolith.  Typical anchor spacings would be 11'-6" for 27-strand anchors (or 16' for 37-
strand anchors).  Typical anchor lengths would be 76 feet through the existing concrete monolith,
15 feet unbonded in the rock, and 79 feet of embedment length (91 feet of embedment length for
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37-strand anchors), for a total anchor length of 170 feet for 27-strand anchors (total anchor
length of 182 feet for 37-strand anchors).

Monoliths M-1 to M-4 are more difficult to stabilize as one of them has a big opening for
a culvert valve pit, and none of them have heels or toes.  For this 163-foot length of existing
middle wall, it is estimated that a maximum total of approximately 48, 37-strand rock anchors
will be required.  The minimum required spacing of 7 feet for these anchors is anticipated.
Again, a total anchor length of 182 feet is estimated for the 37-strand anchors.

The governing load condition for these middle wall monoliths was the OBE seismic load
case.  With the use of vertical, tensioned rock anchors, it was possible to meet overturning
stability and bearing pressure requirements.  The OBE seismic load case also governed the
stabilization requirements for the existing land wall monoliths L-1 to L-4.  Additional discussion
of the seismic analyses is provided in Section 9.7.

Without modification, existing monoliths L-2 through L-5 did not meet stability
requirements for their new normal, maintenance, and OBE seismic loading conditions.  These
monoliths were stabilized by anchoring CIP concrete to their sloped back faces and by forming a
7’-6” wide CIP concrete heel from their foundation elevations to El. 300.  Depending on the
timing of the heel construction, temporary bracing may or may not be required to ensure stability
during this temporary construction stage.  After anchoring concrete on the sloped back face, if
the existing 600’ lock is closed and dewatering is completed on both sides of these monoliths (in
the lock chamber and on the landside), then excavation and heel construction may proceed
without temporary bracing.  If the construction is scheduled differently and the existing 600’
lock is open to traffic during construction of the new heels, then these monoliths will require
temporary bracing (as the maximum water elevation allowable in the lock chamber during heel
excavation and construction is El. 340).

Existing monolith L-7 was evaluated for the construction condition in which it forms a
portion of a temporary cofferdam for the wrap around culvert construction.  This monolith was
considered to be typical of existing land wall monoliths.  Also, the excavation depth required for
the wrap around culvert is deeper near this monolith than it is near the intake structure.  Open cut
excavation for the wrap around culvert will not extend below El. 342.  Below that, the
excavation for the wrap around culvert will be braced and dewatered.  Therefore, this excavation
will reduce the loading on the land wall monoliths for the dewatered chamber and seismic load
conditions.  For the temporary construction condition, however, the loading on the land wall
monoliths may change directions when the lock chamber is flooded.  As wrap around culvert
construction will continue through the rainy winter and spring seasons and the existing land wall
monoliths will form a portion of a construction cofferdam, they must be evaluated for a flooded
lock chamber (pool at top of cofferdam El. 362) with a dewatered culvert excavation.  It was
found that all stability requirements were met under this temporary load condition.



TABLE 9.5A
600' Lock Extension Stability Analysis Summary

Overturning Eccentricity Sliding F.S. Bearing Pressure
 Description Run I.D. Type Actual (ft) Allowable (ft) Actual Allowable Actual (ksf) Allowable (ksf)
Alt 600 New Float-in Land Wall:  463' Long, 36' Wall + 13' Toe + 6' Heel  (Fdn El. 284)

Shear @ Base EL. 284, Normal Condition MWLW1A1 Usual 7.12 9.17 1.72 1.50 15.31 40.00
Shear @ Underclay EL. 271, Normal Condition MWLW1A2 Usual 2.61 1.50
Shear @ Base EL. 284, Maintenance Condition w/ Saturated Level at EL. 339.5 MWLW1D1 Unusual 10.39 13.75 1.42 1.30 17.87 45.60
Shear @ Underclay EL. 271, Maintenance Condition w/ Saturated Level at EL. 339.5 MWLW1D2 Unusual 1.79 1.30
Shear @ Base EL. 284, Maintenance Condition w/ Saturated Level at EL. 344 MWLW1D3 Extreme 10.69 27.50 1.35 1.10 18.19 60.00
Shear @ Underclay EL. 271, Maintenance Condition w/ Saturated Level at EL. 344 MWLW1D4 Extreme 1.71 1.10
Shear @ Base EL. 284, Emergency Condition (OBE, 0.1g) MWLW1B1 Unusual 11.9 4 13.75 1.42 1.30 20.31 45.60
Shear @ Weak Seam EL. 271, Emergency Condition (OBE, 0.1g) MWLW1B2 Unusual 1.81 1.30
Shear @ Base EL. 284, Emergency Condition (MDE, 0.2g) MWLW1B3 Extreme 19 .57 27.50 1.15 1.10 39.86 60.00
Shear @ Weak Seam EL. 271, Emergency Condition (MDE, 0.2g) MWLW1B4 Extreme 1.41 1.10

Existing Monolith L-3, 39' Wall + 7.5' Toe +0' Heel  (Fdn El. 282)
Shear @ Base EL. 282, Normal Condition MWL31A1 Usual 8.77* 7.75 1.77 1.50 23.00 40.00
Shear @ Weak Seam EL. 267, Normal Condition MWL31A2 Usual 2.86 1.50
Shear @ Base EL. 282, Maintenance Condition w/ Saturated Level at EL. 339.5 MWL31D1 Unusual 12.22* 11.63 1.32 1.30 29.51 45.60
Shear @ Weak Seam EL. 267, Maintenance Condition w/ Saturated Level at EL. 339.5 MWL31D2 Unusual 1.89 1.30
Shear @ Base EL. 282, Maintenance Condition w/ Saturated Level at EL. 344 MWL31D3 Extreme 12.38 23.25 1.26 1.10 29.95 60.00
Shear @ Weak Seam EL. 267, Maintenance Condition w/ Saturated Level at EL. 344 MWL31D4 Extreme 1.81 1.10
Shear @ Base EL. 282, Emergency Condition (OBE, 0.1g) MWL31B1 Unusual 13.64* 11.63 1.34 1.30 34.64 45.60
Shear @ Weak Seam EL. 267, Emergency Condition (OBE, 0.1g) MWL31B2 Unusual 1.94 1.30
Shear @ Base EL. 282, Emergency Condition (MDE, 0.2g) MWL31B3 Extreme 21.34 23.25 1.11 1.10 174.27* 60.00
Shear @ Weak Seam EL. 267, Emergency Condition (MDE, 0.2g) MWL31B4 Extreme 1.51 1.10
Shear @ Base EL. 282, Construction Condition After Fill CIP, Driving Water EL 324 MWL31C1 Unusual 5.44 11.63 2.91 1.30 18.28 45.60
Shear @ Weak Seam EL. 267, Construction Condition After Fill CIP, Driving Water EL 324 MWL31C2 Unusual 2.90 1.30
Shear @ Base EL. 282, Construction Condition After Fill CIP, Driving Water EL 340 MWL31C3 Unusual 8.93 11.63 1.44 1.30 23.60 45.60
Shear @ Weak Seam EL. 267, Construction Condition After Fill CIP, Driving Water EL 340 MWL31C4 Unusual 1.81 1.30
Shear @ Base EL. 282, Construction Condition Before Fill CIP, Driving Water EL 324 MWL31C5 Unusual 2.75 11.63 1.90 1.30 10.17 45.60
Shear @ Weak Seam EL. 267, Construction Condition Before Fill CIP, Driving Water EL 324 MWL31C6 Unusual 2.65 1.30
Shear @ Base EL. 282, Construction Condition Before Fill CIP, Driving Water EL 330 MWL31C7 Unusual 4.20 11.63 1.43 1.30 11.67 45.60
Shear @ Weak Seam EL. 267, Construction Condition Before Fill CIP, Driving Water EL 330 MWL31C8 Unusual 2.18 1.30

Existing Monolith L-3, 39' Wall + 7.5' Toe +7.5' Heel  (Fdn El. 282)
Shear @ Base EL. 282, Normal Condition MWL31A1 Usual 7.87 9.00 1.86 1.50 19.99 40.00
Shear @ Weak Seam EL. 267, Normal Condition MWL31A2 Usual 2.68 1.50
Shear @ Base EL. 282, Maintenance Condition w/ Saturated Level at EL. 339.5 MWL31D1 Unusual 10.85 13.50 1.44 1.30 23.26 45.60
Shear @ Weak Seam EL. 267, Maintenance Condition w/ Saturated Level at EL. 339.5 MWL31D2 Unusual 1.93 1.30
Shear @ Base EL. 282, Maintenance Condition w/ Saturated Level at EL. 344 MWL31D3 Extreme 11.01 27.00 1.37 1.10 23.49 60.00
Shear @ Weak Seam EL. 267, Maintenance Condition w/ Saturated Level at EL. 344 MWL31D4 Extreme 1.85 1.10
Shear @ Base EL. 282, Emergency Condition (OBE, 0.1g) MWL31B1 Unusual 12.92 13.50 1.37 1.30 27.21 45.60
Shear @ Weak Seam EL. 267, Emergency Condition (OBE, 0.1g) MWL31B2 Unusual 1.92 1.30
Shear @ Base EL. 282, Emergency Condition (MDE, 0.2g) MWL31B3 Extreme 20.30 27.00 1.12 1.10 57.21 60.00
Shear @ Weak Seam EL. 267, Emergency Condition (MDE, 0.2g) MWL31B4 Extreme 1.47 1.10

Existing Monolith M-2, 36' Wall + 0' Toe +0' Heel  (Fdn El. 275)
Shear @ Base EL. 275, Normal Condition MWM22B1 Usual 7.69* 6.00 7.65 1.50 29.38 40.00
Shear @ Base EL. 275, Maintenance Condition with EL 338 Lower Pool MWM22D1 Unusual 9.24* 9.00 3.90 1.30 34.61 45.60
Shear @ Base EL. 275, Maintenance Condition with EL 344 Lower Pool MWM22D2 Extreme 12.74 18.00 3.05 1.10 57.65 60.00
Shear @ Base EL. 275, Emergency Condition (OBE, 0.1g) MWM22F1 Unusual 15.10* 9.00 3.41 1.30 104.67* 45.60
Shear @ Base EL. 275, Emergency Condition (MDE, 0.2g) MWM22F3 Extreme 22.66* 18.00 2.30 1.10 64.97* 60.00
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TABLE 9.5A
600' Lock Extension Stability Analysis Summary

Overturning Eccentricity Sliding F.S. Bearing Pressure
 Description Run I.D. Type Actual (ft) Allowable (ft) Actual Allowable Actual (ksf) Allowable (ksf)

Existing Monolith M-3, 36' Wall + 0' Toe +0' Heel  (Fdn El. 275)
Shear @ Base EL. 275, Normal Condition MWM32B1 Usual 9.67* 6.00 6.15 1.50 30.91 40.00
Shear @ Base EL. 275, Maintenance Condition with EL 338 Lower Pool MWM32D1 Unusual 9.71* 9.00 3.43 1.30 31.06 45.60
Shear @ Base EL. 275, Maintenance Condition with EL 344 Lower Pool MWM32D3 Extreme 13.90 18.00 2.69 1.10 62.85* 60.00
Shear @ Base EL. 275, Emergency Condition (OBE, 0.1g) MWM32F1 Unusual 16.91* 9.00 3.09 1.30 235.12* 45.60
Shear @ Base EL. 275, Emergency Condition (MDE, 0.2g) MWM32F3 Extreme 24.47* 18.00 2.15 1.10 * 60.00

Existing Monolith M-9, 36' Wall +1.5' Toe +0' Heel  (Fdn El. 286)
Shear @ Base EL. 286, Normal with New Lock at EL 324 Pool and Existing Lock at EL 342 Pool MWM92A1 Usual 4.84 6.25 3.40 1.50 17.77 40.00
Shear @ Base EL. 286, Normal with New Lock at EL 342 Pool and Existing Lock at EL 324 Pool MWM92B1 Usual 5.53 6.25 3.43 1.50 19.02 40.00
Shear @ Base EL. 286, Maintenance with Dewatered New Lock and Existing Lock at EL 342 Pool MWM92D1 Unusual 6.87 9.38 2.09 1.30 20.92 45.60
Shear @ Base EL. 286, Maintenance Dewatered Existing Lock and New Lock at EL 342 Pool MWM92E1 Unusual 7.72 9.38 2.09 1.30 22.87 45.60
Shear @ Base EL. 286, Maintenance with Dewatered New Lock and Existing Lock at EL 344 Pool MWM92D2 Extreme 7.85 18.75 1.93 1.10 22.80 60.00
Shear @ Base EL. 286, Maintenance Dewatered Existing Lock and New Lock at EL 344 Pool MWM92E2 Extreme 8.67 18.75 1.94 1.10 25.04 60.00
Shear @ Base EL. 286, Emergency w/ New Lock at EL 324 and Existing Lock at EL 342 Pools (OBE,0.1g) MWM92F1 Unusual 10.98* 9.38 1.89 1.30 31.74 45.60
Shear @ Base EL. 286, Emergency w/ New Lock at EL 342 and Existing Lock at EL 324 Pools (OBE,0.1g) MWM92F2 Unusual 11.65* 9.38 1.90 1.30 35.52 45.60
Shear @ Base EL. 286, Emergency w/ New Lock at EL 324 and Existing Lock at EL 342 Pools (MDE,0.2g) MWM92F3 Extreme 17.15 18.75 1.36 1.10 156.07* 60.00
Shear @ Base EL. 286, Emergency w/ New Lock at EL 342 and Existing Lock at EL 324 Pools (MDE,0.2g) MWM92F4 Extreme 17.78 18.75 1.36 1.10 261.04* 60.00
Shear @ Base EL.286, Emergency w/ New Lock at EL 324 and Existing Lock at EL 342 Pools (MDE,.17g) MWM92F9 Extreme 15.30 18.75 1.48 1.10 72.52* 60.00
Shear @ Base EL.286, Emergency w/ New Lock at EL 342 and Existing Lock at EL 324 Pools (MDE,.17g) MWM92F10 Extreme 15.94 18.75 1.48 1.10 89.89* 60.00

Float-in Landside Diffuser Monolith:  Outside Lock Chamber, 42.5' Wall + 0' Toe + 0' Heel  (Fdn El. 284)
Shear @ Base EL. 287, Normal Condition with EL 324 Lower Pool MWLWO1A1 Usual 0.83 7.10 45.10 1.50 11.50 40.00
Shear @ Base EL. 287, Emergency Condition with EL 324 Lower Pool (OBE) MWLWO1B1 Unusual 4.70 10.60 2.39 1.30 17.10 45.60
Shear @ Weak Seam EL. 271, Emergency Condition with EL 324 Lower Pool (OBE) MWLWO1B2 Unusual 5.14 1.30
Shear @ Base EL. 287, Emergency Condition with EL 324 Lower Pool (MDE) MWLWO1B3 Extreme 10.16 21.25 1.21 1.10 26.29 60.00
Shear @ Weak Seam EL. 271, Emergency Condition with EL 324 Lower Pool (MDE) MWLWO1B4 Extreme 1.61 1.10

Float-In Gate Bay, 100' Long and 182' Wide
Transverse Direction Stability Analysis
Shear @ Base EL. 284, Inside EL. 342 and Outside EL.324 Pools, Normal Condition MWGB3A1T Unual 7.32 30.33 3.34 1.50 9.08 40.00
Shear @ Weak Seam EL. 270, Inside EL. 342 and Outside EL.324 Pools, Normal Condition MWGB3A2T Unual 4.35 1.50
Shear @ Base EL. 284, Inside EL. 324 and Outside EL.324 Pools, Normal Condition MWGB3B1T Unual 8.08 30.33 3.19 1.50 8.69 40.00
Shear @ Weak Seam EL. 270, Inside EL. 324 and Outside EL.324 Pools, Normal Condition MWGB3B2T Unual 4.27 1.50
Shear @ Base EL. 284, Maintenance Condition with EL 338 Lower Pool MWGB3E1T Unusual 9.67 45.50 3.09 1.30 8.70 45.60
Shear @ Weak Seam EL. 270, Maintenance Condition with EL 338 Lower Pool MWGB3E2T Unusual 4.63 1.30
Shear @ Base EL. 284, Maintenance Condition with EL 344 Lower Pool MWGB3E3T Extreme 9.47 91.00 3.18 1.10 8.78 60.00
Shear @ Weak Seam EL. 270, Maintenance Condition with EL 344 Lower Pool MWGB3E4T Extreme 4.99 1.10
Shear @ Base EL. 284, Emergency Condition (OBE) w/ Inside EL.342 and Outside EL.324 Pools MWGB3F1T Unusual 12.04 45.50 2.30 1.30 10.22 45.60
Shear @ Weak Seam EL.270, Emergency Condition (OBE), w/ Inside EL.342 and Outside EL.324 Pools MWGB3F2T Unusual 2.02 1.30
Shear @ Base EL. 284, Emergency Condition (MDE), w/ Inside EL.342 and Outside EL.324 Pools MWGB3F3T Extreme 17.77 91.00 1.60 1.10 11.60 60.00
Shear @ Weak Seam EL.270, Emergency Condition (MDE), w/ Inside EL.342 and Outside EL.324 Pools MWGB3F4T Extreme 1.33 1.10
Shear @ Base EL. 284, Emergency Condition (OBE) w/ Inside EL.324 and Outside EL.324 Pools MWGB3F5T Unusual 12.77 45.50 2.27 1.30 9.76 45.60
Shear @ Weak Seam EL.270, Emergency Condition (OBE), w/ Inside EL.324 and Outside EL.324 Pools MWGB3F6T Unusual 2.03 1.30
Shear @ Base EL. 284, Emergency Condition (MDE), w/ Inside EL.324 and Outside EL.324 Pools MWGB3F7T Extreme 18.59 91.00 1.59 1.10 11.07 60.00
Shear @ Weak Seam EL.270, Emergency Condition (MDE), w/ Inside EL.324 and Outside EL.324 Pools MWGB3F8T Extreme 1.35 1.10

Longitudinal Direction Stability Analysis
Shear @ Base EL. 284, Inside EL. 342 and Outside EL.324 Pools, Normal Condition MWGB3A1L Unual 3.83 16.67 14.14 1.50 8.98 40.00
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TABLE 9.5A
600' Lock Extension Stability Analysis Summary

Overturning Eccentricity Sliding F.S. Bearing Pressure
 Description Run I.D. Type Actual (ft) Allowable (ft) Actual Allowable Actual (ksf) Allowable (ksf)

Shear @ Weak Seam EL. 270, Inside EL. 342 and Outside EL.324 Pools, Normal Condition MWGB3A2L Unual 50.44 1.50
Shear @ Base EL. 284, Inside EL. 324 and Outside EL.324 Pools, Normal Condition MWGB3B1L Unual 1.77 16.67 N/A 1.50 7.58 40.00
Shear @ Weak Seam EL. 270, Inside EL. 324 and Outside EL.324 Pools, Normal Condition MWGB3B2L Unual N/A 1.50
Shear @ Base EL. 284, Maintenance Condition with EL 338 Lower Pool MWGB3E1L Unusual 3.38 25.00 4.84 1.30 7.59 45.60
Shear @ Weak Seam EL. 270, Maintenance Condition with EL 338 Lower Pool MWGB3E2L Unusual 5.31 1.30
Shear @ Base EL. 284, Maintenance Condition with EL 344 Lower Pool MWGB3E3L Extreme 5.21 50.00 3.71 1.10 8.28 60.00
Shear @ Weak Seam EL. 270, Maintenance Condition with EL 344 Lower Pool MWGB3E4L Extreme 3.99 1.10
Shear @ Base EL. 284, Emergency Condition (OBE) w/ Inside EL.342 and Outside EL.324 Pools MWGB3F1L Unusual 9.49 25.00 2.39 1.30 11.46 45.60
Shear @ Weak Seam EL.270, Emergency Condition (OBE), w/ Inside EL.342 and Outside EL.324 Pools MWGB3F2L Unusual 2.73 1.30
Shear @ Base EL. 284, Emergency Condition (MDE), w/ Inside EL.342 and Outside EL.324 Pools MWGB3F3L Extreme 15.16 50.00 1.41 1.10 13.95 60.00
Shear @ Weak Seam EL.270, Emergency Condition (MDE), w/ Inside EL.342 and Outside EL.324 Pools MWGB3F4L Extreme 1.53 1.10
Shear @ Base EL. 284, Emergency Condition (OBE) w/ Inside EL.324 and Outside EL.324 Pools MWGB3F5L Unusual 6.61 25.00 3.96 1.30 9.57 45.60
Shear @ Weak Seam EL.270, Emergency Condition (OBE), w/ Inside EL.324 and Outside EL.324 Pools MWGB3F6L Unusual 4.20 1.30
Shear @ Base EL. 284, Emergency Condition (MDE), w/ Inside EL.324 and Outside EL.324 Pools MWGB3F7L Extreme 11.45 50.00 1.86 1.10 11.56 60.00
Shear @ Weak Seam EL.270, Emergency Condition (MDE), w/ Inside EL.324 and Outside EL.324 Pools MWGB3F8L Extreme 1.86 1.10

*Note:
Existing land wall monoliths L-2 to L-5 will be stabilized with the addition of a 7.5' wide heel. 
Existing middle wall monoliths M-1 to M-4 and M-6 to M-14 will be stabilized with two rows of rock anchors.
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9.6  INITIAL STRESS ANALYSES
Initial analyses and designs were completed in order to determine key dimensions of the

structural elements described in the following subsections.

9.6.1  Intake Wingwalls
Preliminary analyses were completed for the intake wingwalls. These walls consist of

6-foot diameter drilled shafts and precast concrete facing panels.  Because no seepage control is
required, the facing panels will be terminated 2 feet below the riverbed. The top of cap beam will
be at El. 362.0 near the intake structure and will slope down to El. 352.0 at the end of the
wingwall furthest from the intake.

The analyses were performed for usual and unusual load conditions, in accordance with
EM1110-2-2104, Strength Design for Reinforced Concrete Hydraulic Structures. For the unusual
seismic load condition which governed the preliminary design, nonsite-specific ground motions,
with ground accelerations of 0.1g, were used. The shaft spacing was preliminarily determined to
vary from 12 to 15 feet, on center, for exposed wall heights which varied from 44 feet to 28 feet
or less, respectively.  The reinforced concrete shafts required an embedment of approximately 30
feet into the rock.  It was found that permanent steel casing was required in order to develop the
needed moment capacity.  In order to install the permanent casing, an oversized hole must be
drilled in the rock.  The preliminary design calls for a 7-foot hole and a 6-foot permanent steel
casing.  The void in between shall be pressure grouted.

If larger diameter drilled shafts are utilized, then the shaft spacing can be reduced.
However, the difficulty of drilling increases.  Based on limestone and shale rock strengths and
discussions with drilling contractors, a maximum drilled hole diameter of 8 feet was determined,
and a 6-foot diameter shaft with a 7-foot diameter drilled hole was recommended.

9.6.2  Float-in Land Wall
The new float-in land wall monolith will be constructed in several stages as described in

Section 9.4.2.  This structure will be composed of a post-tensioned base raft, side wall shell,
culvert, and either mass concrete or a combination of precast concrete blocks and CIP concrete.
In the early stages of construction, the majority of the shell structure will not have a top slab in
order to facilitate interior concrete placement.

The preliminary dimensions were sized based on the applied hydrostatic pressure. The
base slab, culvert walls, longitudinal walls, and portions of base raft which have a top slab will
be 12 inches thick. All internal transverse bulkheads will be 10 inches thick. Due to higher
hydrostatic pressure on the base slab and lower part of the exterior side walls, the spacing of the
transverse bulkheads will be 9 feet below El. 313.0 and 18 feet above El. 313.0.

Buoyancy calculations were completed, and floatation stability was checked for each
construction stage.  The preliminary design was refined until the section maintained sufficient
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freeboard, minimized draft to within feasible navigation limits, and had adequate capacity to
resist the applied hydrostatic loads. The amount and placement of concrete and water ballast was
calculated to keep the structure level and stable during construction.  See Section 9.4.2 for
pertinent freeboard and draft values at each construction stage.

The precast concrete lift-in buttress walls will be installed after the lower portions of the
float-in land wall have been constructed.  To accommodate the typical spacings for the floating
mooring bitts and line hooks, the precast concrete wall segments are typically 54 feet long,
which provides a reasonably standard distance between monolith joints.  Buttress walls are
spaced at 27 feet on center to support the lock wall face.  These 9-foot module spacings work
well with the 9-foot and 18-foot wall spacings of the supporting float-in land wall structure
below.  Drawings 9.6.2A and 9.6.2B show the preliminary design of the lift-in buttress walls
which form the top 28 feet of the lock land wall.  The interface between the lock buttress walls
and the float-in monolith below is the full 36-foot width of the monolith at that elevation.

The lock buttress wall segments are precast concrete and each 54-foot segment weighs
360 tons without the optional horizontal epoxy construction joint.  Construction cranes are
readily available to lift loads in this range.  However, if it is determined that this lift is too heavy,
then this structure can be constructed using the optional construction joint.  In that case, the
lower piece will weigh approximately 220 tons and the upper piece will weigh approximately
140 tons.  The lock wall face is required to be 2’-0” thick to support the impact loads (250 kips
unsymmetric impact is specified in EM-1110-2-2105 and 300 kips impact is the minimum for the
approach walls).  Since there is soil and not concrete fill behind the lock wall face, the entire
punching shear load must be resisted in the wall slab itself.  The transverse buttress walls are 1’-
0” thick with stiffened edges to accommodate the anchorages for the threadbars.  Vertical post-
tensioned threadbar anchors are installed to resist the horizontal shear and overturning forces
while keeping the concrete and its construction joints in compression for all usual and unusual
loading conditions to minimize corrosion potential.  Horizontally, the lock face walls and
buttress walls are reinforced with mild reinforcement to carry the loads.

For the lock buttress wall design, the controlling usual load case is for the normal
operating loads with 80-kip perpendicular Hawser loads (3.0 kips per foot).  The controlling
unusual load case is for OBE seismic loading.  The controlling extreme load case is for MDE
seismic loading.

Connections to the float-in monolith below the lock buttress wall are accomplished
through mechanical couplings to the vertical threadbars with shear lugs keys at the bottom of the
buttress walls.  The 3-foot vertical lift where the shear lugs and couplers are located is filled with
structural concrete after the connections are made.  Connections between lock buttress wall
segments are accomplished with vertical wall joints with grouted keys in pipe embedment
keyways.  These vertical joints transfer shear forces from one precast segment to another for
sharing of impact and other horizontal loads.

On top of each lock buttress wall, there is a 14-foot-wide cast-in-place concrete slab
designed to support the equivalent of an AASHTO HS-20 truck loading.  These slabs are
designed to span 27 feet between buttress walls, in case the supporting soil between buttresses
subsides.  Special precast lift-in buttress sections, as detailed on Drawing 9.6.2B accommodate
the valve pit and bulkhead recess areas.
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9.6.3 Approach Walls
Preliminary key dimensions of the approach walls were also evaluated. In the design of

the Olmsted approach walls, it was found that the impact wall thickness and pontoon width were
governed by a usual load in the range of 300k to 380k.  Impact loads greater than this, but less
than 600k, did not govern the selection of the key dimensions of the pontoons. Based on the flow
velocities and angles determined during the physical modeling at WES prior to the original
construction, the impact loads at the John T. Myers site are anticipated to fall within the range
given above.  Therefore, the engineering judgment gained from the design of the Olmsted
approach walls was used in the preliminary sizing of the approach walls.

Due to its unusually short length and small width, the buoyancy of the lower middle wall
was also investigated.  Using the wall thicknesses and heights that were determined for middle
walls in the Olmsted design, a resulting freeboard of 5 feet was calculated, whereas the general
criteria for impact face freeboard is 7 feet.  Currently, the impact loads are under review and may
be reduced significantly.  As a result, it may be possible to reduce the thickness of the pontoon
impact walls.  If both the pontoon walls and parapets are also increased in height by
approximately 1 foot, then a 7-foot freeboard can be achieved.  However, the final cross
sectional dimensions can not be determined until the impact loads are finalized during future
design phases.

Also during future design phases, the required length of this middle wall structure should
be determined based on model testing at WES.  For the determined length, a cost comparison
should be completed to determine whether a floating approach wall, a float-in monolith, or other
structural type is most cost effective at this location.  As this short end of the wall length
spectrum, the analysis is likely to be very sensitive to the length of the structure.  Due to this
sensitivity, it is not useful to complete this cost comparison until the final wall length has been
determined in future design phases.

9.6.4  Miter Gate Bay
The new float-in miter gate bay will be constructed in several stages, as described in

Section 9.4.3. The miter gate bay consists of a base raft section (which includes the sill), and
wall monoliths on each side of the sill, forming a U-shaped structure.  The base raft section will
be 182 feet wide,100 feet long, and 21 feet high. The wall monoliths on each side of the miter
gate bay will be 36 feet wide.  The top of the wall elevation will be El. 362.0.  Preliminary
calculations were completed for the base raft in order to preliminarily design it to resist hydraulic
pressures during the delivery voyage, set down, and in place condition during construction.  The
topslab, base slab, and exterior walls were preliminarily sized to be 18 inches thick.  The base
raft structure will be separated into compartments by 10" thick interior bulkhead walls.  The
transverse bulkheads will be spaced at an approximate spacing of 17 feet, and the longitudinal
bulkheads will be spaced at an approximate spacing of 20 feet.  The maximum  base slab
bending stress was found to be approximately 600 psi, which occurs when the gate bay structure
is set down to EL 284.0.  In order to meet a zero tension design criteria, post-tensioning the base
raft module to an average compressive stress of 600 psi is recommended.
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9.7  INITIAL SEISMIC EVALUATION
Preliminary seismic analyses were performed for the same typical monoliths which were

analyzed for overturning and sliding stability.  The OBE seismic loading was added to the
normal operating load for the unusual emergency condition, as listed in EM 1110-2-2602,
Planning and Design of Navigation Locks.  The MDE seismic loading was added to the normal
operating load for an extreme emergency condition.  The combination of construction and
seismic loading is not listed in the aforementioned EM, and the probability of an earthquake
occurring during the unusual flood condition of the temporary construction phase  was
considered to be very low and was not evaluated.

The John T. Myers site is located in Seismic Zone 2 per ER 1110-2-1806, Earthquake
Design and Analysis for Corps of Engineers Projects.  A psuedostatic, seismic coefficient,
method of analysis was used for this feasibility study, using an acceleration coefficient of
a = 0.1g for the OBE case and a = 0.2g for the MDE case.  The existing monoliths were designed
using an acceleration coefficient of  a = 0.05g but were not reanalyzed for this higher seismic
loading unless the new lock construction increased or changed the direction of loading on these
monoliths.  The seismic analyses were completed in accordance with EC 1110-2-291, Stability
Analysis of Concrete Structures and EM 1110-2-2200, Gravity Dam Design.

The emergency condition of normal operating loads plus seismic loads governed for the
overturning stability and sliding stability of the new float-in land wall monolith and the sliding
stability of the float-in miter gate bay.  The new 36-foot wide monolith will require a 13-foot toe
and a 6-foot heel to resist the overturning forces.  The emergency OBE seismic load also
governed the stabilization requirements for the existing land wall monoliths L-2 to L-5 and
existing middle wall monoliths M-1 to M-4 and M-6 to M-14.

In addition, preliminary seismic analyses were performed for the strength design of the
intake wingwalls which will be composed of drilled shafts and precast concrete fascia panels.
Calculations were completed in accordance with EM 1110-2-2104, Strength Design for
Reinforced Concrete Hydraulic Structures, using the load combination for nonsite-specific
ground motions.  This load combination governed the strength design of the intake wingwalls.

9.8  INITIAL THERMAL STRESS
ANALYSIS

A preliminary thermal analysis was prepared to study the need for postcooling the
concrete to be placed in the compartments of the new land wall monolith.  It was determined that
careful mix design and standard precooling of the aggregate and water could adequately manage
the temperature of the mass concrete.

The initial analysis was prepared for concrete mix.  It was concluded that postcooling of
the mass concrete could be avoided by: minimizing the volume of cement used; using cements
with low or delayed heat of hyduration, replacing a portion of the portland cement with
pozzolan; and controlling the placing sequence of the concrete.
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An independent check of the initial analysis was performed using a typical mass concrete
mix design.  This mix is not commonly available from local suppliers.  An on-site concrete batch
plant probably will be required, with the capability of producing concrete with the materials and
proportions common to mass concrete operations for the construction effort.  This is a common
occurrence for large civil/structural projects such as this one.  In this analysis, a preliminary mix
design was developed based on Type II cement, 6-inch maximum aggregate size and a design
compressive strength at 28 days of 3500 psi.  The remaining elements of the preliminary mix
were designed to produce a placement and curing sequence that avoided the use of postcooling.

Adiabatic temperature rise and the heat dissipation was calculated for the 1, 28, 90, 180,
and 365-day post-placement conditions.  The temperature rise and the rate of heat dissipation
were compared and it was determined that the dissipation rate was great enough to keep up with
the heat generation, after the first 28 days.  This analysis was used to determine the initial
temperature of the concrete at placement, which should be approximately 50°F or lower.  This
can be accomplished by cooling the fine aggregate, coarse aggregate, and/or the mix water.

The compressive stresses due to the expansion of the concrete as it generates heat and the
tensile stresses generated in the concrete as it cools were calculated and compared to the
compressive and tensile capacity of the concrete.  This comparison was made at various concrete
ages since both the demand and the capacity are a function of time.  The result of this analysis
determined the relative composition of the cementitious materials.

Additional work was done to develop a mass concrete mix design with a water to
cementitious material ratio (w/c ratio) of approximately 0.50.  This w/c ratio was selected
because it matched the w/c ratio of the 3500-psi concrete previously analyzed.  Replacing the
mix water with ice controlled the temperature of the concrete at placement.  The final
preliminary mix design is comprised of 250 lb/cy Type II cement, 76 lb/cy pozzolon, 40 lb/cy
water, 2800 lb/cy 6-inch maximum size aggregate, 700 lb/cy fine aggregate, and 125 lb/cy ice.
This mix design should result in concrete with a temperature at placement of 52°F, a 28-day
compressive strength of 3500 psi, no tensile or compressive cracks due to heat generated during
hydration, and no need for postcooling.  A refrigeration plant with a capacity of 107 tons per day
can supply the volume of ice needed.

The actual required 28-day compressive strength of the concrete will be determined
during future design phases.  It is anticipated that this strength will be considerably lower than
3500 psi.  In that case, the amount of cement and ice can be decreased.

The stresses induced in the precast land wall monolith due to the heat of hydration of the
in-fill concrete in the compartments of the monolith are considered to be insignificant, based on
preliminary evaluation.  As discussed in ACI 207.2R, “The initial hydration temperature rise
produces little, if any, stress in the concrete.  At this early age, the modulus of elasticity of
concrete is so small that compressive stresses induced by the rise in temperature are insignificant
even in zones of full restraint, and in addition, are relaxed by a high rate of early creep.  By
assuming a condition of no initial stress, a slightly conservative and realistic analysis results.”

Furthermore, the temperature rise in the infill concrete will be minimized through the use
of low cement content, the use of pozzolans to replace a portion of the portland cement, the use
of cements with low or delayed heats of hydration, low initial concrete placement temperature
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(approximately 50° F).  If further reductions in the infill concrete temperature rise are required,
then concrete placement sequencing can be controlled by using checkerboard placement or
reducing lift heights.  The walls of the precast monolith structure should be capable of supporting
the form loads imposed by the liquid concrete during placement, but no significant additional
loading due to initial hydration temperature rise will occur for the mass concrete mix designs that
will be used.

Temperature effects on the final monolith structure are considered to be negligible, in
general.  However, an evaluation of the need for crack control joints should be completed during
future design phases.

9.9 ADDITIONAL STUDIES, TESTS AND
ANALYSES

9.9.1  Temperature Profiles
During the design of the Olmsted Lock approach walls, two site-specific temperature

profiles were developed for the design of the pontoons.  One temperature profile was associated
with the ‘summer gradients,’ the other with the ‘winter gradients.’

The Olmsted, Illinois site-specific temperature range was -14 to +108 degrees Fahrenheit
for the air and +37 to +87 degrees Fahrenheit for the river water.  Approach wall pontoon design
is dependent on extreme temperature gradients on the concrete walls of the pontoon rather than
on the maximum ambient temperatures.  Therefore, the temperature records measured during
several seasons were scrutinized for the maximum relative difference between the temperature of
the river water and the air temperature.  The evaluation brought to light significant seasonal
temperature variations. The findings were as follows:

•  During the winter period, the water was warmer than the air by 60 degrees
Fahrenheit or less.

•  During the summer season, the air was warmer than the water by 40 degrees
Fahrenheit or less.

These data series were processed to develop the design temperature gradients.  In order to
process the data, the temperature distribution study of the (guide wall) pontoons at the John Day
Locks and Dam site, in Oregon, was essential.
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The varying temperature of the concrete walls and slabs, in the existing approach wall
pontoon at John Day Locks and Dam, was surveyed at a multitude of locations of the pontoon
and over an extended period of time, capturing both typical summer and typical winter
temperatures.  The temperature profiles were developed from the empirical data that had been
obtained. The temperature profiles of the pontoon at John Day brought to light the relationship
between the temperature of the water and air surrounding the pontoon and the temperature
distribution over the pontoon cross section.  The findings concluded that:

•  The temperature gradient (over the pontoon height) is extremely non-uniform,
•  The highest temperature gradient should be anticipated within the top 2.5 feet of the

pontoon.

Subsequently, the temperature gradient profiles for the John Day pontoon were calibrated
for the design of the Olmsted pontoons accounting for several parameters including:

•  The difference in the geometry of pontoons.
•  The difference in freeboard and draft.
•  Water and air temperature at the Olmsted site.

It must be determined, during future design phases, whether the temperatures at Myers
are similar enough to the temperatures at Olmsted to reuse these study results instead of
requiring a new, site-specific temperature profile study.
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SECTION 10

MECHANICAL DESIGN

Mechanical equipment locations are shown on Drawings 10.0A and 10.0B.  General
arrangement drawings for the miter gate machinery and the culvert valves are shown on
Drawings 10.0C and 10.0D, respectively.

10.1  LOCK DEWATERING EQUIPMENT

10.1.1  Existing Maintenance Bulkheads

10.1.1.1  General
Maintenance bulkhead units are installed upstream and downstream of each set of lock

miter gates to facilitate dewatering, maintenance, and repair of the gates.  The maintenance
bulkhead units are also used as temporary cofferdams for raising the main lock upstream
emergency sills.  No permanent maintenance bulkhead handling facilities exist at the lock.  The
bulkheads are handled using a work barge-mounted crane.  The Operations and Maintenance
Branch manage the maintenance bulkheads, the work barge, and the crane.

It should be noted that there are no recesses in the lock walls and no bulkhead sill to
accommodate installation of maintenance bulkheads upstream at the upper set of miter gates in
the auxiliary lock at Control Stations (CS) 2L and 3M.  This portion of the lock chamber can be
dewatered by installing the emergency bulkheads.

10.1.1.2  Condition of Existing Equipment
According to Periodic Maintenance Report No. 8 dated June 1996, the existing bulkheads

are in satisfactory condition.
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10.1.1.3  Proposed Rehabilitation
No modifications or replacements of the existing maintenance bulkheads are envisioned

for the prototype alternative.  A nominal budget amount will be included in the estimate (for the
site-specific adaptations) for basic repair/refurbishment of the bulkheads, such as replacing
rubber seals, that may be necessary to improve the condition of the bulkheads prior to their use
during the lock extension work.

10.1.2  New Maintenance Bulkhead Slots
For the lower set of miter gates in the auxiliary lock extension, a new set of bulkhead

slots with embedded parts will be provided.  The embedded parts will be weldments of structural
shapes and plate of similar design to the existing parts.  Existing maintenance bulkheads will be
installed in these slots for miter gate dewatering.  Installation aspects of the embedded parts will
be added for the 90 percent submittal.

10.1.3  Existing Emergency Bulkheads

10.1.3.1  General
Emergency bulkheads are installed to provide upstream closure of the main and auxiliary

locks.  The bulkheads are also used to provide upstream closure of the dam crest gates.  The
bulkheads are handled by means of an existing bulkhead hoist and crane located on the service
bridge.

10.1.3.2  Condition of Existing Equipment
According to Periodic Maintenance Report No. 8 dated June 1996, the existing bulkheads

are in satisfactory condition.

10.1.3.3  Proposed Rehabilitation
No modifications or replacements of the existing emergency bulkheads are envisioned for

the prototype alternative.  A nominal budget amount will be included in the estimate (for the 90
percent submittal) for basic repair/refurbishment of the bulkheads, such as painting and replacing
rubber seals, which may be necessary to improve the condition of the bulkheads prior to their use
during the lock extension work.
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10.1.4  Existing Bulkhead Hoist and Crane

10.1.4.1  General
An existing wire rope bulkhead hoist and crane is used for emergency bulkhead handling.

The crane is capable of traveling across the dam and over the lock chambers on rails mounted on
the top of the service bridges.  The crane is designed to pick and transport one bulkhead at a time
from its dogged position in the dam gate bays and lower two bulkheads latched together in the
lock chambers during still or flowing water conditions.

10.1.4.2  Condition of Existing Equipment
According to Periodic Maintenance Report No. 8 dated June 1996, the existing bulkhead

hoist and crane is in satisfactory condition.

10.1.4.3  Proposed Rehabilitation
No modifications or replacements of the existing crane are envisioned for the prototype

alternative, only standard part replacement and maintenance.  A nominal budget amount will be
included in the estimate for basic repair/refurbishment of the crane, including crane
inspection/testing, wire rope replacement, hoist seals and rubber goods replacement, oil and
lubricating grease replacement, minor electrical work, etc.

10.1.5  Existing Lock Dewatering Equipment

10.1.5.1  General
The existing lock has no permanent dewatering equipment for pumping down the lock

chamber for inspection and maintenance.  Complete dewatering of the lock is achieved by
portable dewatering pumps brought into the lock on a barge managed by the Operations and
Maintenance Branch.
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10.2  MITER GATES

10.2.1  Existing Miter Gates

10.2.1.1  General
The existing miter gates are horizontally-framed weldments of plate and structural shapes.

The gates are fairly simple in construction and operation.  The gates operate under essentially
balanced head conditions.  They cannot operate or close under appreciable unbalanced head or
flowing water conditions.  The miter gates fit into recesses in the lock walls.  For the existing main
and auxiliary chambers, the upper and lower sets of miter gates are the same height.

10.2.1.2  Condition of Existing Equipment
According to Periodic Maintenance Report No. 8 dated June 1996, the existing miter

gates are in satisfactory condition.  According to other inspection reports, the Corps is
considering the option of a gate change-out or exchange program whereby most gates in the
Ohio River System will be modified to be interchangeable.  The gates will be replaced with
newly refurbished/modified gates on a periodic basis.

10.2.1.3  Proposed Rehabilitation
For the 600-ft lock extension alternative, it is assumed that the existing lower set of miter

gates and operating machinery will be removed and the gate recesses filled in.  The gates will be
turned over to the District.  It is anticipated that the gates, once removed, will be used in the
proposed gate exchange program. Depending on the proposed schedule for gate exchange, cost
savings may be realized by refurbishing and reusing the existing downstream miter gates at the
new miter gate bay location.  In this case, purchase of new miter gates could be delayed until
they are needed for a scheduled gate exchange. If applicable, this option should be evaluated in
future design phases.

No modifications or replacements of the existing upper set of miter gates are envisioned
for the prototype alternative.  At this time, no budget has been included in the estimate for basic
repair/refurbishment of the existing gates.

10.2.2  New Miter Gates
One set of new, lower miter gates is proposed for the 600-ft lock extension.  The new

gates will be downstream of the existing miter gates in the auxiliary lock chamber, as shown on
Drawing 10.0B.  The new gates will be similar in size, design, and construction as the existing
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gates.  Each miter gate will include a walkway similar to that used at Smithland Lock and Dam.
The new gates will be interchangeable with the existing gates; provisions will include two strut
pin boxes on the top girder for use with either sector gear or direct connected cylinder operators.
Each gate leaf will be a weldment of plate and structural shapes, horizontally-framed, and
fabricated into a single piece.  The estimated weight of each gate leaf is 400,000 lb.

The gate embedded parts will be installed in blockouts provided in the concrete structure after
maintenance bulkheads have been installed for dewatering.  After the embedded parts have been
installed and concreted, each gate leaf will be installed and aligned in the dry.

As noted in Section 10.2.1.3, depending on the proposed schedule for gate exchange,
consideration of reuse of the existing miter gates may yield cost savings.  This option should be
investigated further in future design phases.

10.2.3  Existing Gate Operating Machinery

10.2.3.1  General
The operating machinery for the miter gates is hydraulically operated from a constant

pressure system.  The existing operating machinery is of the Ohio River linkage type, consisting
of hydraulic cylinder, toothed rack meshed with a sector gear assembly, sector arm, and strut.
The rack includes support/alignment features.  The sector gear assembly includes a custom sector
base subassembly, sector base support, and sector base support anchorage.

10.2.3.2  Condition of Existing Equipment
According to Periodic Maintenance Report No. 8 dated June 1996, the existing miter gate

operating machinery is in satisfactory condition.

10.2.3.3  Proposed Rehabilitation
No major modifications or replacements of the existing miter gate operating machinery

are envisioned for the prototype alternative.  Minor retrofits to the existing operating machinery
(i.e., the existing, upstream set of miter gates) will be made, including the addition of sensors and
other devices to provide remote operation/indication of the existing gates that is similar to the
new, downstream gates.  In other respects the existing, upstream gate operating machinery will
remain as-is due to its condition and operating history.  As a side note, the Panama Canal
Commission is beginning work to retrofit all existing lock miter gates (over 80 gates total) with
direct-connected hydraulic cylinders.  The width of the Panama Canal locks is 110 feet, like the
prototype project.  A nominal budget amount will also be included in the estimate for basic
repair/refurbishment of the machinery, including inspection/testing, seals and rubber goods
replacement, oil and lubricating grease replacement, minor electrical work, etc.
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10.2.3.4  New Miter Gate Operating Machinery
Ohio River linkage and direct-connected type of operating machinery were considered

for the new lower set of miter gates in the prototype project.  The Ohio River linkage type of
operating machinery consists of a hydraulic cylinder, toothed rack meshed with a sector gear
assembly, sector arm, and strut, as described previously.  The direct-connect type of operating
machinery consists of a mill-type hydraulic cylinder mounted in a gimbal bracket, with the
cylinder rod directly attached to the gate leaf.

The following advantages and disadvantages, shown in Table 10.2.3.4A, were considered
to compare the two types of operating machinery.

TABLE 10.2.3.4A
Advantages and Disadvantages of Miter Gate Operating Machinery

Machinery
Type Advantages Disadvantages

Ohio River
Linkage
(existing)

1. Inherent acceleration/ deceleration
characteristics.

1. Wear, bearing forces, and mechanical
inefficiencies.

2. Requires less complex
hydraulic/control system.

2. More complex operating machinery.

3. Good/proven reliability. 3. More labor/maintenance intensive; more
components to maintain and keep in
adjustment or alignment.

4. Used throughout the Ohio River
System.

4. Strut exposed to lock traffic.

5. More significant installation/ alignment
issues or difficulties.

6. Some major components require
special/custom designs.  Spare parts may
difficult to obtain.

7. More components requiring grease or
lubrication.

Direct-
Connected
Hydraulic
Cylinder

1. More accurate/flexible control of
speed and position of gate.

1. Oil containment over waterway, although
biodegradable, fish-friendly fluids will be
considered.  Also, modern cylinder and
piping designs have virtually eliminated
the possibility of leakage.

2. Inherent spring/shock absorbing
characteristics.

2. Cylinder rod exposed to lock traffic,
water, and weather.
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TABLE 10.2.3.4A
Advantages and Disadvantages of Miter Gate Operating Machinery

Machinery
Type Advantages Disadvantages

3. Smooth operation, minimal backlash
or slop in system.

3. Piston rod used as a strut, resulting in a
larger piston rod diameter and increasing
the ratio of time-of-opening to time-of-
closing.  Although modern hydraulic
controls can compensate for this
situation.

4. Good maintainability, fewer
components to maintain and keep in
adjustment or alignment.

4. Requires a more complex
pumping/control system necessary to
control gate acceleration/de-acceleration
and compensate for opening/closing time
differential.

5. Good availability of spare parts.
Most parts are commercially
available.

6. Fewer installation/alignment issues or
difficulties.

7. Fewer components requiring grease
or lubrication.  Bushings can utilize
self-lubricating materials.

Considering the above issues, operating conditions at the prototype site, and trends in the
industry, direct-connected hydraulic cylinder operating machinery was selected for the new miter
gates for the 600-ft lock extension alternative.  Direct cost for each type of machinery
incrementally favors direct-connected hydraulic cylinders.  Factoring in life-cycle costs, the
direct-connected machinery would also be less costly, particularly with regard to labor and
material maintenance costs.

10.2.4  Existing Hydraulic Power System

10.2.4.1  General
The existing hydraulic system is a central-type pumping system, where the pumps are all

located in one central location at the operations building with supply and return lines extending
to and from the gate operating machinery.  Separate piping systems are provided for each lock
with interconnection at the pumps in the operations building.  The arrangement provides the
flexibility for taking either or both of the systems (main or auxiliary lock systems) out of service
for repair or maintenance.  This arrangement will facilitate modifications considered for the 600’
lock extension alternative, because work on the auxiliary lock can proceed without interfering
with operations at the main lock.
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10.2.4.2  Condition of Existing System
According to Periodic Maintenance Report No. 8 dated June 1996, the existing hydraulic

system is in satisfactory condition, although some piping has been replaced due to excessive
corrosion in some locations.

10.2.4.3  Proposed Modifications
Hydraulic piping, control valves, and other devices in the existing hydraulic power

system in connection with the 600’ lock will be abandoned in favor of new hydraulic power units
for each new and existing miter gate.

10.2.5  New Hydraulic Power System
Central and local pumping systems were considered for the prototype project.  Central

pumping systems are characterized by centrally located pumps, as noted in Section 10.2.4.1.
Local pumping systems are stand alone pumping or power units located at each individual
operating cylinder or several “local” cylinders.

The main issue to consider in selecting a system is whether to extend the existing system
of hydraulic piping and controls to the new miter gates, and possibly the new culvert valves, or
whether it is more appropriate to leave the existing system intact, to the extent possible, and add
stand alone, local pumping systems for the new gates.  The following advantages and
disadvantages, shown in Table 10.2.5A were considered.

TABLE 10.2.5A
Advantages and Disadvantages of Hydraulic Power Systems

System Type Advantages Disadvantages
Central
Pumping
System
(existing)

1. Minor increase in O&M costs,
mainly for additional piping runs
and control stations.

1. Size of cylinder constrained due to 800 psi
working pressure limitation.

2. Cost to retrofit existing system
probably less than providing local
pumping units.

2. Abandonment of existing miter gate
operating machinery may be required to
minimize the net impact on system
modifications, but not necessarily a
requirement.

Local Pumping
System

1. Creates an opportunity to
increase working pressure to
reduce the size and cost of
cylinders and power unit
equipment.

1. Requires a watertight or elevated structure
for housing the power unit.
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TABLE 10.2.5A
Advantages and Disadvantages of Hydraulic Power Systems

System Type Advantages Disadvantages
2. Eliminates the need to modify the

existing hydraulic system.
2. Requires the existing standby generator to

be replaced with a larger capacity unit.
Accumulators could also be used to
provide stored energy to operate the gates,
depending on specific requirements.

3. Reduces the amount of field
piping and galleries or trenches.

3. Increases O&M due to introducing new
equipment.

4. Reduces the amount of system
headloss to improve energy
conservation.

Each of the two types of hydraulic systems has advantages and disadvantages.  In light of recent
trends at other lock projects and considering the above issues, we believe it would be appropriate
to provide local hydraulic power units (HPUs) with associated piping systems for operating the
new and existing miter gates in the auxiliary lock.  Each HPU will be interchangeable between
upstream and downstream (i.e., existing and new) miter gates.

Given the arrangement and relative location of miter gates and culvert valves throughout the
auxiliary lock, three installation scenarios for the HPUs are appropriate for the project:

1. Provide an HPU for each miter gate and culvert valve.
2. Provide an HPU for a single miter gate.
3. Provide an HPU for a single culvert valve.

A combination of all the above installation scenarios are planned, for a total of six HPUs.

1. The HPUs near C.S. 1L and 3L will operate the adjacent miter gate leaf and culvert
valve (Items 6, 8, 12 and 15 on Drawings 10.0A and B).

2. The HPUs near C.S. 2M and 5M will operate the adjacent miter gate leaf only
(Items 6 and 8 on Drawings 10.0A and B) as the adjacent culvert valves are
connected with the main lock and existing hydraulic systems.

3. The HPUs for the existing auxiliary lock emptying valve (Item 13 on Drawing
10.0A and the new auxiliary lock filling valve (Item 14 on Drawing 10.0A)
will operate the adjacent culvert valve only.

Installation of each miter gate HPU will depend on its location.  The following
installation alternatives are possible.

1. A semi-permanent installation where the power units are installed in enclosures on
top of the lock walls with the power unit designed for temporary removal in
case of flooding.
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2. A permanent installation where the power units are installed in watertight
enclosures on top of the lock walls with the enclosure designed to withstand
the forces of flooding and the impact load of floating debris.

3. A permanent installation where the power units are installed in watertight enclosures
on top of the lock walls with the power units elevated above flood stage.  This
approach would be similar to the existing HPU installation on the second floor
of the Operations Building.

4. A permanent installation where the power units are installed in a watertight cavity
in the lock walls.  Although the power units would be installed below flood
stage, a watertight hatch would be provided to prevent flooding of the cavity.

Installation of the power units for the upper or upstream set of existing miter gates could
follow Alternatives 1 – 3.  It would not be practicable to install the power units for the upper
existing miter gates according to Alternative 4 because of the significant lock wall modifications
that would be required.  Installation of the lower or downstream set of miter gates could follow
Alternatives 1 – 4.  Alternative 4 is shown for the power unit installation at the lower set of miter
gates in Drawing 10.0C.

Trenches for the new hydraulic system will be used instead of galleries for routing piping
and conduit.

10.2.6  Existing Control Stations
The existing control stations will be modified to provide manual override/backup control

of the gates.

In the auxiliary lock, the lower control stations (C.S. 3M and 2L on Drawing 10.0B) will
be removed, as the miter gates and operating machinery will also be removed from service.  The
control station concrete structures will remain intact.

10.2.7  New Control Stations
The new control stations will be designed to provide manual override/backup control of

the gates.  New stations C.S. 3L and 5M are shown on Drawing 10.0B.
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10.3  CULVERT VALVES AND
BULKHEADS

10.3.1  Existing Culvert Valves

10.3.1.1  General
The existing culvert valves are vertically-framed, reverse tainter type.  The valves consist

of a skin plate, concentrically curved ribs, struts, and trunnions.  The valves are weldments of
plate and structural shapes.

10.3.1.2  Condition of Existing Equipment
According to Periodic Maintenance Report No. 8 dated June 1996, the existing culvert

valves are in satisfactory condition.

10.3.1.3  Rehabilitation of Existing Equipment
No modifications or replacements of the existing culvert valves are envisioned for the

prototype alternative.  Only standard part replacement and maintenance on an as-needed basis
has been considered at this time.  A nominal budget amount will be included in the estimate (for
site-specific adaptations) for basic repair/refurbishment of the valves, including inspection/
testing, hoist seals/pads and rubber goods replacement, oil and lubricating grease replacement,
minor mechanical/electrical work, etc.

10.3.2  New Culvert Valves
New filling and emptying culvert valves will be required for the prototype 600' lock

extension.  Reverse tainter valves and vertical-lift gate valves were considered for the prototype
project.  Reverse tainter valves are similar to the existing valves described in Section 10.3.1.1.
Vertical-lift gates consist of a simple flat, structural-steel gate leaf with rollers or wheels which
create rolling friction, instead of sliding friction, to reduce valve operating loads.  Two variations
of vertical-lift gates were considered, fixed-wheel gates and Stoney gates.  The following
advantages and disadvantages were considered to compare these types of culvert valves.
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TABLE 10.3.2A
Advantages and Disadvantages of Culvert Valves

Valve Type Advantages Disadvantages
Reverse
Tainter Gate
(existing)

1. Vast experience and similar to
most other culvert valves in use
at similar lock facilities.

1. Generally a more complicated gate
structure.

2. Proven design, good reliability. 2. Requires larger “footprint” and larger
chamber to retract gate than vertical-lift
gates.

3. Good discharge characteristics. 3. More complicated and relatively large
monolith; monolith more expensive.

4. Smooth channel or conduit walls,
absent of gate slots.

4. High concentrated loads at trunnions.

5. Generally lower hoist loads than
vertical-lift gates.

5. Aside from Stoney gate, the operating
machinery for reverse tainter gates can be
more complex than vertical-lift gates,
although this can depend on the chosen
arrangement.  Using direct connect
hydraulic cylinders simplifies the
installation.

6. Generally less maintenance,
particularly when compared to
Stoney gates.

6. Difficult to pull gate for major
maintenance, although most work can be
done with the valve in-place.

7. Less complicated valve
mechanical design, requires no
load rollers or wheels.

8. Less complicated hoist design
than Stoney gates, particularly
when direct connect hydraulic
cylinders are used.

Vertical-Lift
Gate,
including
Stoney Gates

1. Can be fitted into a relatively
narrow slot with small
“footprint.”

1. Gate guides/slots required, creating flow
disturbances.

2. Proven design.  Simple to
fabricate and install.

2. Gate can jam due to silt or debris build-up
in slots.

3. Less expensive to fabricate than
tainter gate.

3. Stoney gates require higher maintenance
due to the design and arrangement of the
load rollers and treads.

4. Easier to remove gate from gate
slot for maintenance.

5. Simple and relatively small
monolith; monolith less
expensive.
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Culvert valve selection for the prototype project was driven on the basis of four main
issues, which are listed below in descending order of precedence.

1. Experience.

2. Reliability.

3. Maintenance.

4. Performance

Other issues, such as the cost or the complexities in civil construction were taken into
account but considered to be less of a factor in culvert valve selection.

In terms of experience, the vast majority of lock facilities, particularly facilities built in
the last 40-years, use reverse tainter gates.  During this period a tremendous amount of test data
and experience has been gained regarding reverse tainter gates.  This experience far outweighs
that of vertical lift and Stoney gates for culvert valve applications.  In addition, the lock staff is
accustomed to operating reverse tainter valves, as reverse tainter valves are located in six other
areas at the existing site.

As far as reliability issues are concerned, reverse tainter gates represent a proven design
with excellent reliability.  By contrast, the reliability of Stoney gates is considered to be less than
reverse tainter gates, primarily due to the Stoney gate’s more complicated mechanical design.
On account of the frequency of operation, the Stoney gate load rollers and treads typically wear
rapidly and involve more complicated and expensive maintenance than reverse tainter gates.
Also, the hoist design of Stoney gates is more complicated than gates operated with direct
connect hydraulic cylinders because of the need to operate the gate slide and roller train at
different speeds.

In addition to experience and reliability, valve selection is also driven by maintenance
considerations.  As noted previously, the Stoney gate design involves a fairly complicated load
roller and hoist design.  The load rollers have numerous links, bushings, and rollers.  These items
wear and must be replaced periodically.  In contrast to the Stoney gate, the reverse tainter gates
have significantly fewer moving and wearing parts and the degree of maintenance is much less.
Another maintenance-related issue worth noting relative to valve selection is interchangeability,
in the same manner as the miter gate exchange program mentioned previously.  Reverse tainter
gates are already in use at the prototype site and at most other projects upstream and downstream
of the site.  So an opportunity exists to exchange in-service gates with newly refurbished gates,
to reduce the amount of maintenance downtime.  As a final note regarding maintenance, the lock
staff is accustomed to maintaining similar valves.

The last main issue considered with respect to valve selection pertains to performance,
which can relate to hydraulic, mechanical, and other performance issues.  Reverse tainter gates
offer good discharge characteristics, as do vertical lift gates.  For culvert valve applications,
however, extensive hydraulic data is available for reverse tainter valves and presumably less up
front effort is required to produce a final valve design.  In addition, reverse tainter valves do not
require guide or bearing slots in the culvert walls and provide a smooth surface with fewer
hydraulic disturbances.  From a mechanical perspective, reverse tainter gates typically require



J.T. Myers & Greenup Locks Improvements − MYERS ENGINEERING APPENDIX Page 10-14

lower hoist loads than vertical lift gates, making the hoists incrementally smaller and less
expensive.

Most of the noted disadvantages of reverse tainter gates relate primarily to concrete work.
We believe the concrete-related issues are less of a factor, however, and carry less weight than
the experience, reliability, maintenance, and performance issues described above.  It is for these
reasons that reverse tainter gates were selected as the culvert valves in the 600-ft. lock extension
alternative.

As indicated above the valves will be vertically framed.  It is worth mentioning that two
other types of reverse tainter gates are in use at various projects, horizontally framed and double
skinplate.  From a structural point of view, horizontally framed valves are more desirable,
however, these valves do not perform hydraulically as well as vertically framed or double
skinplate valves.  Due to their weight, double skinplate valves perform better than vertically
framed valves.  For low-head applications like the prototype site, vertically framed valves are
more economical than double skinplate valves and perform as well hydraulically.  A conceptual
arrangement of the prototype culvert valve is shown on Drawing 10.0D.

10.3.3  Existing Culvert Valve Operating
Machinery

10.3.3.1  General
The existing culvert valve operating machinery consists of a horizontal rocking type

cylinder, with the piston rod directly connected to one end of a vertical bell crank.  A pipe strut,
with helical spring shock absorber, connects the other end of the bell crank to the culvert valve.
The operating machinery for the culvert valves is hydraulically operated from the existing
central, constant pressure power system.

10.3.3.2  Condition of Existing Equipment
According to Periodic Maintenance Report No. 8 dated June 1996, the existing culvert

valve operating machinery is in satisfactory condition.

10.3.3.3  Rehabilitation of Existing Operating Machinery
No major rehabilitation is envisioned at this time; only standard part replacement and

maintenance on an as-needed basis.
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10.3.4  New Culvert Valve Operating
Machinery

Wire rope and hydraulic cylinder type operating machinery were considered for the
prototype project, based on using reverse tainter valves.  Wire-rope type operating machinery is an
electro-mechanical drive and consists of electric motors driving hoisting drums through shafting
and multi-stage reduction gear boxes.  The valves are raised by wire ropes and close by gravity.
Hydraulic cylinder type operating machinery consists of a hydraulic cylinder operating the valves.
The valves open and close by stroking the cylinder.  Gravity closure can be more easily achieved
using hydraulic cylinders than with wire rope hoists, due to self-braking characteristics.

In some lock applications involving hydraulic cylinders, the cylinders are mounted
horizontally, with the piston rod directly connected to one end of a wire rope.  The rope travels
over and around a sheave and extends vertically down to the gate leaf.  This arrangement reduces
the risk of oil leaks and increases the accessibility of the cylinder.  The arrangement also
simplifies removal of the gate without disturbing the cylinder.  For the 600-ft lock extension
alternative, however, the culvert dewatering bulkheads might be located too close to the culvert
valves.  Therefore, little or no room may be available to horizontally mount the cylinder.  Other
arrangements include vertically and diagonally mounted cylinders.  Final selection of cylinder
mounting orientation will be determined later, as layouts of the valve monoliths become more
defined.  For the time being Drawing 10.0D shows a diagonally mounted cylinder.

The following advantages and disadvantages were considered in the selection of
operating machinery for the culvert valves.

TABLE 10.3.4A
Advantages and Disadvantages of Culvert Valve Operating

Machinery
Machinery

Type
Advantages Disadvantages

Wire Rope 1. Good/proven reliability. 1. Wear and mechanical inefficiencies.

2. Relatively more complex operating
machinery.

3. Requires a dedicated hoist for each gate.

4. Requires back-up power supply to
operate gate.

6. Some components may require custom
designs.  Spare parts may be not as
obtainable as hydraulic components.

7. More components requiring grease or
lubrication.



J.T. Myers & Greenup Locks Improvements − MYERS ENGINEERING APPENDIX Page 10-16

TABLE 10.3.4A
Advantages and Disadvantages of Culvert Valve Operating

Machinery
Machinery

Type
Advantages Disadvantages

Hydraulic
Cylinder

1. More flexible control of gate
speed.

1. Oil containment in water conduit,
although biodegradable, fish-friendly
fluids will be considered.  Also, modern
cylinder and piping designs have virtually
eliminated oil leakage.

2. Inherent spring/shock absorbing
characteristics.

2. May be expensive to adapt Stoney gates
for 2:1 reeving.

3. Smooth operation, minimal
backlash or slop in system.

4. Good maintainability.

5. Good availability of spare parts.
Most parts are commercially
available.

6. Fewer components requiring
grease or lubrication.  Bushings
can utilize self-lubricating
materials.

7. Inherent braking for gravity
closure.

Considering the above issues, operating conditions at the prototype site, and selection of
culvert valves, hydraulic cylinder type operating machinery was selected for the new culvert
valves for the 600-ft lock extension alternative.

10.3.5  Existing Hydraulic Power System

10.3.5.1  General
The existing hydraulic system is a central-type pumping system, refer to Section 10.2.4

for a more complete description of the system.

10.3.5.2  Condition of Existing System
According to Periodic Maintenance Report No. 8 dated June 1996, the existing hydraulic

system is in satisfactory condition, although some piping has been replaced due to excessive
corrosion in some locations.
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10.3.5.3  Proposed Modifications
Hydraulic piping, control valves, and other devices in the existing hydraulic power

system in connection with the 600’ lock will be abandoned in favor of new hydraulic power units
for each new and existing culvert valve.

10.3.6  New Hydraulic Power System
Refer to Section 10.2.5 for an evaluation of hydraulic power systems.  Local HPUs will

be provided.

Installation of each culvert valve HPU will depend on its location.  The following
installation alternatives are possible.

1. A semi-permanent installation where the power units are installed in enclosures on
top of the lock walls with the power unit designed for temporary removal in
case of flooding.

2. A permanent installation where the power units are installed in watertight
enclosures on top of the lock walls with the enclosure designed to withstand
the forces of flooding and the impact load of floating debris.

3. A permanent installation where the power units are installed in watertight
enclosures on top of the lock walls with the power units elevated above flood
stage.  This approach would be similar to the existing HPU installation on the
second floor of the Operations Building.

4. A permanent installation where the power units are installed in a watertight cavity
in the lock walls.  Although the power units would be installed below flood
stage, a watertight hatch would be provided to prevent flooding of the cavity.

Installation of the power units for the existing culvert valves could follow
Alternatives 1 - 3.  It would not be practicable to install the power units for the existing culvert
valves according to Alternative 4 because of the significant lock wall modifications that would
be required.  Installation of the new culvert valve HPUs could follow Alternatives 1 – 4.

Trenches for the new hydraulic system will be used instead of galleries for routing piping
and conduit.

10.3.7  Existing Control Stations
The existing control stations will be modified to provide manual override/backup control

of the valves.
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10.3.8  New Control Stations
The new control stations will be designed to provide manual override/backup control of

the valves.

10.3.9  Existing Culvert Valve Bulkheads

10.3.9.1  General
The existing culvert valve bulkheads consist of a flat, structural-steel gate leaf that has a

skin plate, beams, and girders.  The bulkheads are installed to provide upstream and downstream
closure for maintenance dewatering of the culvert valves.

10.3.9.2  Condition of Existing Bulkheads
According to Periodic Maintenance Report No. 8 dated June 1996, the existing culvert

valve bulkheads are in satisfactory condition.

10.3.9.3  Proposed Rehabilitation
Proposed modifications to the existing equipment will be developed after a condition

assessment has been obtained from the District.

10.3.10  New Culvert Valve Bulkheads
Two new culvert valve bulkheads and four sets of bulkhead slots are proposed for the

600-ft lock extension.  The new bulkheads will be installed upstream and downstream of the new
culvert valves in the 600-ft lock extension alternative.  The new bulkheads will be similar in size,
design, and construction as the existing bulkheads.  Each bulkhead will be a weldment of plate
and structural shapes, horizontally-framed, and fabricated into a single piece.  The estimated
weight of each bulkhead is 50,000 lb.  The estimated weight of bulkhead embedded parts is
25,000 lb.
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10.4  MISCELLANEOUS MECHANICAL
SYSTEMS

10.4.1  Trashrake
The new filling conduit intake will be equipped with a trashrake for removing and

keeping the intake racks clean of floating and submerged trash, such as grass, weeds, tree
branches, plastic rubbish, etc., collected on the rack bars.  The rake will be hydraulically
operated and complete with superstructure, telescoping or cable operated boom with raking head,
service platform, debris spillway and ramp, and controls to provide an automated system.  The
raking device could be either stationary, raking the entire rack width in one cycle, or moveable,
raking the rack in two or more cycles.

10.4.2  Raw Water System

10.4.2.1  General
The existing raw water system is used for general clean-up and washdown purposes and

for fire protection at the lock.  Water is provided by a vertical deep well pump that is located in a
sump beneath the operations building.  Raw water lines extend from the pump to the pipe
galleries and lock wall deck areas.

10.4.2.2  Condition of Existing System
Available inspection reports did not have information pertaining to this equipment.

10.4.2.3  Rehabilitation of Existing System
The existing raw water system will be modified by extending piping runs on both sides of

the lock chamber to the end of the new auxiliary lock in the same manner as the main lock.  The
rehabilitation needs of the existing system will be determined after a condition assessment has
been obtained from the District.
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10.4.3  Compressed Air System
10.4.3.1  General

The existing compressed air system is provided for general service throughout the lock
and for supplying air jets for the bubbler system at each miter gate recess to eject ice and debris.
Air is provided by an electric motor-driven vertical two-stage compressor unit that is installed on
the second floor of the operations building.  Compressed air lines extend from the compressor/
receiver tank to the pipe galleries and lock wall deck areas.

10.4.3.2  Condition of Existing System
Available inspection reports did not have information pertaining to this equipment.

10.4.3.3  Rehabilitation of Existing System
The existing compressed air system will be modified by extending piping runs on both

sides of the lock chamber to the end of the new auxiliary lock in the same manner as the main lock.
The extension will provide air service along the new section of the auxiliary lock and supply air for
the bubbler system at each new miter gate recess.  The rehabilitation needs of the existing system
will be determined after a condition assessment has been obtained from the District.

10.4.4  Potable Water System
At the present time no refurbishment or modifications are envisioned for the existing

potable water system.  The existing system will remain intact unless it is determined that the lock
extension will require modifications.

10.4.5  Fuel Oil System
At the present time no refurbishment or modifications are envisioned for the existing fuel

oil system.  The existing system will remain intact unless it is determined that the lock extension
will require modifications.

10.4.6  Sewage System
At the present time no refurbishment or modifications are envisioned for the existing sewage
system.  The existing system will remain intact unless it is determined that the lock extension
will require modifications.
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SECTION 11

ELECTRICAL DESIGN

11.1  GENERAL REQUIREMENTS
For the 600’ lock extension, new miter gates operated with direct connected cylinders will

be provided downstream.  The existing upstream gates, as well as the new downstream gates, will
each be equipped with new hydraulic power units.  The upstream gates’ operating machinery will
be retained, but retrofitted with sensors and other devices to facilitate remote operation/indication.
The existing and new culvert valves will each be equipped with new hydraulic power units.
It is anticipated that the added electrical loads of the new hydraulic power units will exceed the
spare capacity of the existing electrical power supply system.

11.2  POWER SUPPLY AND
DISTRIBUTION

The existing power distribution system consists of a 12.5 kV overhead distribution circuit
from SIGECO; three single-phase, step-down transformers (each 333 kVA) located at the
Service Mound; a main motor control center (MCC), located on the second floor of the
Operations Building; and a 150-kW diesel engine generator, also located in the Operations
Building.  Two 3-conductor, direct buried, 500 kcmil copper cables connect the step-down
transformer on the Service Mound to the MCC in the Operations Building.  The electrical
equipment appears to be about 30 years old, with no reported modifications or additions since its
installation in the mid 1960s.

Several alternatives have been considered for providing service to the new electrical loads:

1. Use the existing distribution system to the extent possible with the addition of new
circuit breakers, as required for new feeder circuits, in the existing MCC.

2. Install a new MCC for the new loads only.

3. Install a new MCC in a location different from the existing MCC, for feeding the
new loads, but with added capacity for feeding all existing loads.
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4. Install a new MCC in the same location as the existing MCC, for feeding the new
loads, but with added capacity for feeding all existing loads.

The thought process for selecting an alternative for the prototype site is included herein in
order to facilitate the decision making process when the prototype design is adapted to other
sites.

Alternative 1, install new circuit breakers as required in the existing MCC, is considered to
be the least cost option, and would be selected if sufficient spare capacity exists to serving the new
loads.  For the 600’ lock extension alternative, the new electrical loads were estimated to be 180
kVA (160 kVA for the new hydraulic power units and 20 kVA for new lighting circuits and
miscellaneous small loads).  The spare capacity of the existing system (excluding the emergency
generator) appears to be in the order of 100 - 125 kVA.  This estimate is based on information in
the original lock Design Memorandum No. 3, which states that the power distribution system was
sized for a future load addition of 225 kVA for tow haulage units.  The current inventory list of
electrical equipment shows only one 40 Hp motor for tow haulage units, which, if no other loads
have been added, would imply a design spare capacity of about 185 kVA.  The calculated initial
full load current shown in Design Memorandum No. 3 is 406 A, which, when added to the 40 Hp
tow haulage motor, becomes about 455 A.  It appears that the MCC main circuit breaker, rated at
600 A according to the One Line Diagram, is the limiting component in the power distribution
system, since it would have a design spare capacity of about 145 A, equating to about 120 kVA.
Therefore, it appears that for the J.T. Myers site, there is marginal to insufficient spare capacity in
the existing power supply system and Alternative 1 is consequently discarded.

Alternative 2, install new MCC for new loads only, would be considered only if
Alternative 1 were not feasible and the existing MCC were considered to be in good condition
with a reasonable amount of remaining service life.

Alternatives 3 and 4, replace the existing MCC, would be considered only if the existing
MCC were considered to be close to or at the end of its useful life, and had unacceptably high
maintenance costs.  The Louisville District reports that a survey of electrical systems on the
locks was carried out in 1997, and no significant deficiencies were reported for the electrical
systems of the J.T. Myers lock.  Based on this information, Alternatives 3 and 4 would normally
be rejected.  However, because project implementation is expected to occur around 2010, the
existing equipment will, at that time, be approaching the end of its useful life and should be
replaced.  Of the two approaches, Alternative 3 would normally be the preferred, provided that
suitable physical space is available for a new MCC, since Alternative 4 would entail significant
outage time and interruption of electrical service during construction. Alternative 4 would
require removal of the existing MCC prior to installation of the new MCC, which would imply
interruption of electrical service.  At the J.T. Myers site, Alternative 3 will be selected.  It is
anticipated that the new equipment will be located in the new control room structure to be
constructed on top of the existing Operations Building.

Drawing 11.0A shows a One Line Diagram that depicts the proposed power distribution
system.
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This arrangement includes two transformer taps from the utility distribution feeder.  Each
transformer and its feeder to the MCC would be sized for the entire lock load such that full
redundancy is achieved.  This system will simplify maintenance operation and also facilitate easy
cut-over of loads from the existing to the new MCC.

Cable routing will be using existing raceways to the extent possible in the existing locks
and will be in trenches on top of the lock walls for the lock extension. The existing cables are
mainly run in cable trays in the lock wall galleries. These raceways will be reused to the extent
possible for new cables. Transitions will be provided from the gallery to a utility trench located
in the top surface of the lock wall at the ends of the existing galleries. The final interface
configurations will be determined during future design phases.

11.3  STANDBY GENERATION
Locks supplied by a single, radial utility distribution line need a backup source of power

supply, due to the inherently insufficient reliability of radial distribution systems.  Backup power
supply is normally provided by a standby, on-site engine-generator set, sized to provide sufficient
power for lock operation during utility power outages.  Two main options exist for selection of
standby generator voltage:

1. Low voltage to match the lock main distribution system, normally 480 V.

2. Medium voltage to match the utility voltage level, normally 12.5 kV or 13.8 kV.

Economics will normally dictate that the low voltage option is selected, since both the
generator and associated automatic transfer equipment rated for low voltage is less costly than
equipment rated for medium voltage.

The existing standby generator is rated at 150 kW, 0.8 power factor, and is sized to
operate the following, according to the original lock Design Memorandum No. 3:

1. Hydraulic pump motor:  75 Hp.

2. Dam tainter gate hoist:  30 Hp.

3. Pressure holding oil pump motor:  15 Hp.

4. Partial lock wall lighting:  20 kW.

5. Operation building lighting:  6 kW.

6. Miscellaneous power and lighting:  8 kW.

The new, added critical load would result primarily from the new hydraulic power units
and some lighting loads.  The generator is located in the Operations Building in the vicinity of
the MCC and there appears to be little or no spare capacity for even lighting loads.  Furthermore,
space is limited for installation of a larger engine-generator.  Therefore, if it is decided to install
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a new and larger engine-generator set, it should be located at the Service Mound. The existing
standby generator will be at the end of its useful life at the time of project implementation
(~2010) and is not considered suitable for further service as part of the new lock electrical
service system.

The new standby generation system could consist of one large generator sized to supply
all critical loads, or it could consist of two smaller generators, each sized for approximately half
of the total lock critical loads.  Given the double-ended MCC configuration with dual
transformers, two equally sized standby generators, each connected to one of the transformer
taps though an automatic transfer switch, is considered the preferred system.  This system is
shown in Drawing 11.0A.  The generator set will include the necessary automatic transfer
equipment.

Using two generators, each sized for the entire critical load, is considered unnecessary,
since lock loads would not be interrupted for any single contingency failure, when using the
concept of the two smaller generators.

Locating the standby generator at the Service Mound would remove the existing fuel line
from the fuel tank to the Operations Building, and free up space in the Operations Building.  This
location could reduce the reliability of the standby generation system marginally, since a failure
of the 480 V power cable between the Service Mound and the MCC in the Operations Building
would disconnect the standby generator from the lock.  This risk is considered to be acceptable,
since an underground low voltage power cable is normally very reliable, and there are dual
power cable feeders to the MCC.  As an alternative to replacing the standby generator, future
work should review the possibility of using accumulators connected to the new hydraulic power
units to provide backup “power” for gate and valve operation in the case of utility power
outages.

11.4  OPERATING AND CONTROL
SYSTEM

Most existing locks have conventional hard-wired control systems, except locks that have
been constructed or refurbished in recent years, which may have modern, digital controls based
on programmable logic controllers (PLCs).  The existing locks are controlled from local control
stations only, each located at the respective gate position, with no centralized control room.
Even if the existing hard-wired controls operate satisfactorily, it is recommended that the
extended lock be operated from a new central control room.  The new central control room will
be located on top of the existing Operation Building and will be sized to also accommodate
future remote control of the existing 1200’ lock.  Fiber optics will be used for the remote control
systems.  The new centralized controls will provide benefits in terms of enhanced lock operation
safety and reduced labor costs.  Local, manual controls will also be provided for each gate and
valve for emergency operation and back-up to the centralized control systems.  Sensitive
electrical equipment in the local control stations will be designed to be unplugged and removed
during periods of flooding.
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11.5  GATE AND VALVE CONTROL
Centralized control from a new control room will be provided for the new and existing

miter gates of the extended lock.  CCTV systems will provide visual inspection of lock areas that
can not be seen easily from the Operations Building.  The automated system will include safety
interlocks to minimize the risk of operator mistakes and have extensive data logging capabilities.

The new emptying and filling culvert valves will be controlled from the central control
room.  Local, back-up controls will also be provided.

11.6  SIGNAL SYSTEM AND
NAVIGATION LIGHTS

The existing horn signal circuits and the navigation traffic light circuits will be extended
to cover the 600’ extended lock.

Traffic lights will be relocated on the upstream end of the 1200’ lock to the end of the
new guard wall.

New lighting of conventional design will be provided for the 600’ extension.  The
existing lighting systems are reported to be at the end of their useful life, and plans for
replacement are underway.  High mast type lighting will not be used.

11.7  MOORING FACILITY POWER
SUPPLY

Power supply to the new mooring facility will be provided from the new MCC in the
Operations Building, thus facilitating backup from the standby generator. Voltage drop
considerations dictate the use of 480 V supply cable to the mooring facility with a small step-
down transformer for 120 V service at the facility.
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SECTION 12

HAZARDOUS AND TOXIC
MATERIALS

A Phase I HTRW assessment for the J.T. Myers site has been completed.  The Phase I
assessment revealed the potential to encounter contaminated sediments from wet excavation
operations associated with construction activities.  Further investigation was recommended.
Using Louisville District maintenance dredging sampling data from recent work near the J.T.
Myers site, analysis results indicated that there should be no significant contamination associated
with these sediments.  However, the laboratory quality control parameters associated with the
analysis did not meet current Indiana Department of Environmental Management (IDEM)
criteria.  Therefore, the Louisville District is preparing a quality assurance project plan (QAPP)
and field sampling plan (FSP) to meet current IDEM criteria.  Coordination with IDEM is
ongoing, and positive feedback, regarding the approach the District is taking, has been received.
The plan is to have IDEM approve both plans in time for the Interim Report.  Depending upon
funding, sampling and analysis will, hopefully, occur during fiscal year 2000.
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SECTION 13

REAL ESTATE

As currently planned, new real estate acquisition will be minimal for this project.  In the
proposed design, all new construction, approach channel improvement, disposal areas, and
mitigation sites fall within existing United States government property.  Refer to Drawings
13.0A, 13.0B, and 13.0C.   Construction activities include extending the existing 600’ lock
chamber, constructing new approach walls, improving the downstream approach channel for
navigation concerns, building a new work-fleet mooring area, and constructing a temporary
mooring facility for construction staging.  In addition, there are seven in-stream mitigation site
locations that are under consideration.  Further detail can be found in the Real Estate Appendix.

Total disposal requirements are discussed in Section 8.3.  Approximately 870,000 cubic
yards of disposal material is anticipated for this project.  As planned, approximately 46.7 acres
immediately downstream and north of the J. T. Meyers project site have been identified for the
disposal area, which is shown in Drawing 8.3A.  With a final top of disposal mound El. 367, as
shown on the disposal cross section in Drawing 8.3B, the entire disposal amount can be
accounted for within this area.  However, stretching the proposed area to the size of 94 acres (as
shown in Drawing 13.0A) still does not impact existing wetlands.  Therefore, in order to reduce
the top of disposal mound elevation, the disposal area will be expanded.  It will fit within the 94
acres that have been identified, and the top of disposal mound elevation will be reduced from
what is currently shown.  The top of disposal mound elevation shall be held at or below El. 358,
which is below the existing road at the site.

In order to have available options in case of changes in spoil and mitigation plans during
future design phases, two additional disposal site alternatives have been identified.  Therefore,
there are a total of three alternative locations for disposal and/or mitigation sites.

Alternative No. 1 – (Current Plan) All mitigation and spoil material will be placed on
government land on the existing project site, including adjacent government land that is currently
leased to the Indiana Department of Natural Resources for habitat restoration.

Alternative No. 2 – (First Option) Some disposal will be placed within the property limits
of the existing project site.  All additional mitigation and disposal will be placed on land at
Hovey Lake on government, which is presently under lease to the State of Indiana.  In the Hovey
Lake area, there are 143 acres, at various locations, that could use some improvement and,
therefore, would be good candidates for spoil and mitigation sites.

Alternative No. 3 – (Second Option) Some disposal will be placed within the property
limits of the existing project site.  All additional mitigation and disposal will be placed on private
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land that is immediately adjacent to the existing project site on the east side.  There are
approximately 467 acres on this private land to work with.

In Alternatives No.2 and No. 3 above, haul roads will be required for movement of
material and equipment.  As shown in Drawing 13.0B, existing county roads can be used for
these purposes.

The seven proposed in-stream mitigation plans are provided as additional, desirable
mitigation site designs that could be used instead of or in addition to the primary alternatives for
excavated material placement, which are described above.  All lie below the ordinary high water
mark and are all located within existing navigation servitude.  They are located at the following
approximate river mile locations: ORM 846, ORM 908, ORM 837, ORM 833, ORM 912, ORM
807, and ORM 846.  More detail on these options can be found in the Environmental Impact
Statement (EIS).
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SECTION 14

CONSTRUCTION PROCEDURES/
WATER CONTROL PLAN

This section briefly describes an overview of the construction procedures and the water
control plan for each construction stage of the prototype design for the 600’ lock extension
shown in Drawing 6.0A.  Many of the construction techniques and procedures are described in
greater detail in other sections of this appendix, including Section 9.4.  The following
construction procedures are listed in their recommended order of completion.

14.1  NEAR SITE WORK STATION
A near site work station must be constructed in order to provide temporary construction

moorage for the deep draft construction stages of the float-in structures.  First, a construction
access road will be constructed to connect the existing road to the near site work station for
delivery of materials and equipment during construction.  The near site work station will most
likely be composed of a dredged area and channel, a work trestle platform, and mooring
dolphins.  The affected area should be dredged to an elevation of El. 300±.  It is anticipated that
the work station will be constructed on the riverbank approximately 350 feet from the end of the
existing downstream middle wall end monolith and will be large enough so that three structures
(the float-in wall monolith, the wall diffuser, and the miter gate bay) may be moored there
simultaneously.  As the footprints of these float-in structures will be 55’ x 463’ for the land wall
monolith, 100’ x 182’ for the miter gate bay, and 42’-6” x 111’ for the landside wall diffuser
monolith, it was determined that the dredged area should be approximately 200’ x 900’.  This
location should place the work station out of the way of barge traffic, and the dredged area
should provide a wide channel for transport of the deep draft float-in shell structures to their final
design locations.

The working platform, adjacent to the river bank, could be composed of a trestle which is
approximately 40 feet wide and is U-shaped in plan view.  The portion of the trestle which will
be parallel to the riverbank is anticipated to be approximately 250 feet long.  Approximately ten
temporary dolphins, each composed of three steel pipe piles and rock anchors, will be required
along the riverbank and work platform to provide moorage for the float-in structures while work
is performed on them.
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No closures of the existing locks are anticipated for this work as it does not obstruct the
barge traffic.  However, as wind often pushes barges toward this area, either helper tugs or a
temporarily anchored section of approach wall will be required while this area is in use, in order
to prevent accidental impact.

14.2  NEW MOORING FACILITY, INTAKE
STRUCTURE, AND WRAP AROUND
CULVERT

Prior to construction of the wrap around culvert intake structure, a new upstream mooring
facility must be constructed, and salvageable portions of the existing mooring facility must be
relocated.  This work can be completed very early in the construction schedule, and it is expected
to take approximately 2 months.  As the work is outside of the normal approach path, it is
anticipated that most of the work may be completed without helper tugs or lock closures.
However, it is possible that construction of the sheetpile cell may require either a short lock
closure or helper tug assistance.

Depending on the desired permanent location of the mooring facility access road, it may
be necessary to construct a temporary access road during construction of the intake structure and
then construct a permanent access road after the upstream dewatering berm is removed.

A berm with sheetpiling, which extends down to rock, will be utilized in order to
construct the intake structure and wrap around culvert in-the-dry.  The existing mooring facility
tieback sheetpile wall will be left intact during construction, forming a portion of the berm.  It
will be removed during berm removal.  The new intake structure will be positioned downstream
of this mooring facility wall and landside of existing land wall monolith L-29.  It will have two
wingwalls which will be composed of drilled shafts and precast concrete panels.  See
Drawing 9.4.1A for the intake structure location and wingwall details.

After the drilled shafts are constructed, the area must be dewatered before the intake
structure is constructed in-the-dry. The intake area may then be excavated for the precast
concrete facing panels, which may be placed in-the-wet.  This work should be performed with
minimal, if any, impact on the existing lock traffic.

It is anticipated that the wrap around culvert will be constructed using a combination of
open cut and braced excavation.  The depth of excavation required varies from approximately 45
feet to 65 feet.  It is recommended that the majority of the culvert be composed of 16.5-foot
diameter precast concrete pipe.  The 45° elbow, and the thrust block at this bend, will be
constructed of CIP concrete.  In order to perform this construction in-the-dry, the new float-in
land wall monolith will be partially backfilled after it is in position, forming a large berm, and
the area will be dewatered.  As this work occurs behind the existing and new land wall
monoliths, it should be completed with minimal, if any, impact on the existing lock traffic.
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14.3  EXISTING LOWER LAND WALL
END MONOLITHS - MODIFICATION
AND DEMOLITION

The existing land wall end monolith L-1 must be demolished, and monoliths L-2 to L-5
must be stabilized, for their new loading conditions, by anchoring CIP concrete at their currently
sloped back face from approximately El.310.0 to El.362.0, as well as at their heel from their
foundation elevation to El. 300.0.

There are several methods available for demolishing and removing monolith L-1.
Ultimately, the selected demolition method must permit continued lock operations during
construction with only minor disruption.  When possible, the contractor's equipment should be
set up landside of the existing land wall so that the operation of the 600' lock can be maintained
with minimal interruptions.  Although the limited use of the wire saw-cut method has been
considered, the exclusive use of wire saw-cutting has been found to be prohibitively expensive
and has been deleted from consideration for this project.

It is proposed to remove the existing above water concrete down to an elevation three feet
above the pool levels.  The vertical line between the concrete to remain and that to be removed
will be cut by a diamond wire saw, working through a pilot hole drilled just above water and
operated from the top.  Then the remaining concrete demolition above water will be performed
by hydraulic chipping rams.  Both barge-mounted and on-top equipment will be used.

The first task is to isolate the underwater concrete to be removed from that to remain,
forming an isolation joint.  Cutting with diamond wire saw has been used successfully on a
number of other Corps projects, but here it requires a 47-foot long pilot hole to be drilled through
the base of the monolith, at El. 284, 58 feet below water and 40 feet below the present mud line,
although much of the mud could be dredged beforehand.  The alternative method is vertical line
drilling, carried out from El. 327±.  If a smoother surface than that provided by line drilling is
required in this area, then we would propose the use of a chipper mounted on a
backhoe/excavator arm to finish this area underwater.

Because of the sloping back wall, we believe a 12" down-the-hole rock drill should be
used, with a cantilevered structural template to ensure verticality and positioning.  The 12" holes
would be drilled so as to overlap.

We believe this latter method is more practicable and less costly.

Next, drilling and blasting of the underwater concrete will take place, starting at the
exposed end of the wall (moving the structural template from the isolation joint to the exposed
end) and working towards the isolation joint.  Holes will be drilled on seven foot centers, each
direction, using the same template to ensure verticality and position on the sloping concrete
surface, as was used in producing the line drilling of the isolation joint.

Two lines will be drilled and loaded.  The template will be moved.  Blasting mats will be
placed over the top.  The lines will be fired using delays on the second line.  The clamshell
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dredge will remove the rubble and adjoining mud.  Powder charge will be as light as practicable,
about 1-1/2 to 2 lbs./cy, so as to produce rubble about 2 feet in diameter, on average.

Thus, all blasting will be working against an open face, enabling lighter charges to be
used, and blasting away from the operating locks.  Drilling and blasting operations are proposed
to be conducted during the day, with removal of the debris during a second shift at night.  Using
this approach, it is anticipated that the 600' lock will be closed for only 4 days of double shift
work.

The best time of year to do this demolition work, from a low river standpoint, is during
the summer and early fall.  From the river level data since 1976, it can be seen that, during the
summer and early fall, the maximum river level is typically less than El. 332 (which is 30’ below
the top of the monoliths).  If it is not possible to schedule this work during a low pool period, it is
feasible to complete this demolition under less favorable conditions.

The monolith modification work can be accomplished working from the landside.  It may
be possible to schedule this work so that it is completed, in-the-dry, simultaneously with the
nearby CIP concrete work on the wrap around culvert elbow and thrust block.  However, it must
be completed before the extended lock chamber is dewatered for installation of the miter gate
and construction of the laterals and maintenance bulkhead sill so that the existing monoliths will
be stable for this dewatered load condition.  In any case, this monolith modification work should
not require any closures of the existing lock chambers.

14.4  EXISTING MIDDLE WALL
MONOLITHS - MODIFICATION

The existing middle wall monoliths M-1 to M-4 and M-6 to M-14  must be stabilized, for
their new loading conditions, by installing rock anchors.  Two rows of rock anchors will be
required.  This stabilization must be completed prior to dewatering the lower portion of the
extended 600' lock.  It is anticipated that this work will be accomplished from the top of the
monolith or from the 600' lock channel so that no closure of the existing 1200' lock will be
required.

14.5  FLOAT-IN LAND WALL MONOLITH
After some in-water excavation and bedding is done, a float-in monolith, approximately

463 feet long, will be placed in line with the existing land wall monoliths, starting in the former
location of demolished monolith L-1.  This float-in monolith will incorporate a culvert for the
supplemental fill/empty system.

During the transportation of this monolith from the drydock location to the near site work
station, an approximate draft of 10 feet is anticipated.  As the minimum navigable channel depth
is 9 feet during low pool, a water level of only 1 foot above low pool is required for
transportation to the near site work station.  Based on the requirements for the following
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construction step, it may be desirable to transport the base structure during the spring.  After
forming the side walls for this structure up to El. 334.0, which is anticipated to take
approximately 2 months, the shell structure should be lowered into position.  The shell structure
should be lowered into position during the dry, low pool summer and fall months so that the side
walls can be shorter and the channel between the near site workstation and the final design
location can be shallower.

The in-water dredging and excavation work for all of the float-in monoliths will require
approximately 14 weeks of existing 600’ lock closure.  Seven-day work weeks and double
shifting (20 hour work days) will be required.  Positioning and lowering the float-in monolith
should take approximately 1 day, requiring closure of the existing 600’ lock.  Until the monolith
is grouted securely into place, the existing 600’ lock will also be fully closed for approximately 7
double shift days.  In addition, a helper tug will be required during the majority of the float-in
construction work in order to guide the barges through the lock while keeping them away from
the unfinished structure.

14.6  FLOAT-IN MITER GATE BAY AND
CLOSURE POUR

Construction procedures, which are similar to those used for the float-in land wall
monolith, can be used for constructing the float-in miter gate bay.  This U-shaped structure is
182’ x 100’ long. During the transportation of the base of this structure from the drydock
location to the near site work station, an approximate draft of 11 feet is anticipated.  As the
minimum navigable channel depth is 9 feet during low pool, a water level of only 2 foot above
low pool is required for transportation to the near site work station.  This water level is common
throughout the year.  Based on the requirements for the following construction step, it may be
desirable to transport the base structure during the late spring.  After forming the interior side
walls for this structure up to El. 334.0, which is anticipated to take approximately 8 weeks, the
shell structure should be lowered into position.  This step should be performed during the dry,
low pool summer and fall months so that the side walls can be shorter and the channel between
the near site work station and the final design location can be shallower.

In order to correctly align the miter gate bay when it is floated into place, horizontal jacks
will be placed at the bull nosed middle wall end monolith, M-1, of the existing lock.  Placing
these jacks, positioning the float-in monolith, and ballasting it down to its foundation elevation
should take approximately 10 days, requiring closure of the existing 600’ lock.  Until the
monolith is grouted securely into place, the existing 600’ lock will also be fully closed for
approximately 2 weeks.  During this time, and until the structure is not in a vulnerable condition,
a helper tug will be required for traffic through the existing 1200’ lock.
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After the miter gate bay underbase grouting is completed, the gap between the miter gate
bay and the middle wall end monolith, M-1, may be filled.  The construction of this closure pour
is anticipated to follow these steps:

1. Place precast concrete stay-in-place form panels (with grout bags attached to bottom of
panel).

2. Install high strength tie rods, with the aid of divers, to hold form panels in place.
3. Inflate the grout bags at the bottom of the form panels.
4. Pour a tremie seal and dewater the area between the forms.
5. Place reinforcing anchors and cages.
6. Place closure pour concrete.

It is anticipated that this work will take approximately 9 days and will be completed during a
period when the 600’ lock is closed.  Barge traffic may be stopped during placement of the
precast concrete stay-in-place form panels.  However, it is anticipated that the impact on the
existing 1200’ lock traffic will be minimal.

14.7  LANDSIDE WALL DIFFUSER
MONOLITH

Again, the construction procedures for the landside wall diffuser monolith will be similar
to those used for the new float-in land wall monolith and the new float-in miter gate bay.  The
landside wall diffuser wall monolith will be 111 feet long.

During the transportation of the base of this structure from the drydock location to the
near site work station, an approximate draft of 11 feet is anticipated.  As the minimum
guaranteed navigable channel depth is 9 feet during low pool, a water level of only 2 feet above
low pool is required for transportation to the near site work station.  This water level is common
throughout the year.  Based on the requirements for the following construction step, it may be
desirable to transport the base structure during the spring.  After forming the side walls for this
structure up to El. 334.0, the shell structure should be ballasted down into position.  The shell
structure should be lowered into position during the dry, low pool summer and fall months so
that the side walls can be shorter and the channel between the near site workstation and the final
design location can be shallower.  (In final design refinements that are not reflected in the
appendix drawings, the top of monolith elevation was reduced to El. 311.  This change resulted
in significant cost savings.  However, the associated changes in construction method have not
been addressed.  As the top of monolith will no longer extend above the waterline, revised
construction procedures will be necessary.  The revised construction approach will be
investigated and finalized in future design phases.)

See the following paragraphs for the construction timing anticipated for this monolith.
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14.8  MAINTENANCE BULKHEAD SILL,
LATERALS AND MITER GATE

Once the miter gate bay is completed (including the closure pour between it and the
middle wall end monolith, M-1), the bulkhead which will be downstream of the new miter gate
will be installed and the lower portion of the extended lock chamber will be dewatered.  During
this dewatered period, the existing 600’ lock will be closed for approximately 13 weeks, and
several construction tasks should be completed simultaneously.  By completing tasks
simultaneously, the required lock closure period will be minimized.  During this period, the new
miter gate and operating machinery will be installed, and excavation will be completed for the
laterals and the maintenance bulkhead sill upstream of the new miter gate.  These elements will
then be constructed, and the miter gate operation will be tested and adjusted.  In addition, the
landside wall diffuser monolith will be constructed while the lock is dewatered.  By constructing
this monolith simultaneously with these other tasks, closure of the existing 600' lock is
minimized.

14.9  APPROACH WALLS
Approach walls will be constructed at four locations: upper riverside, upper middle,

lower middle, and lower landside.  All four approach walls will consist of floating, longitudinally
post-tensioned, precast concrete boxes called pontoons which will be anchored to nose piers and
pylon protrusions or a stand alone pylon.  These approach walls will be bounded by the lock
structure at one end and a nose pier at the other end.  The nose piers will be composed of three
drilled shafts, a steel shell structure, and concrete infill.  Skirting panels may be attached to the
pontoons, as required, in order to adjust the flow.  These approach walls will be very similar to
the approach walls being designed for Olmsted Locks & Dam and will be constructed similarly.

A helper tug will be required during the approach wall construction.  In addition, the
following existing lock closures are anticipated:

•  7-week closure of the 600’ lock during upper middle wall dredging and drilled shaft
excavation.

•  4-day simultaneous closures of both the 600’ and 1200’ locks during nose pier
completion and approach wall positioning for the upper middle approach wall.

•  4-day closure of the 1200’ lock during nose pier completion and approach wall
positioning for the upper riverside approach wall.

•  6-week closure of the 600' lock during lower middle wall drilled shaft excavation
and nose pier/pylon construction.

•  4-day simultaneous closure of both the 600' and 1200' locks during nose pier
completion and approach wall positioning for the lower middle approach wall.
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•  7-week closure of the 600' lock during drilled shaft excavation and nose pier/pylon
construction for the lower landside approach wall.

It is important to follow nose pier construction closely with approach wall pontoon
placement so that the nose pier does not become an obstacle to navigation, for a long period of
time, before being incorporated into an approach wall system.  In addition, the upper riverside
approach wall will be constructed prior to the upper middle approach wall.  In this way, the tows
will be able to land against the extended guard wall while construction of the middle wall is in
progress.

14.10  CONSTRUCTION REQUIREMENTS

14.10.1  Overall Site Plan - Construction
Areas

The overall site plan and areas potentially impacted by construction are shown on
Drawings 13.0A, 13.0B, and 13.0C.  These drawings indicate areas which are anticipated to be
required for or are affected by construction activities, including potential disposal sites and
potential mitigation sites.  However, exact implications will be dependent on construction
techniques and procedures chosen by the contractor.

14.10.2  Temporary Staging Area
Temporary construction staging areas are shown in Drawings 14.9.2A and 14.9.2B,

which show the upstream and downstream areas, respectively.  Areas for temporary spoil, lay
down, and concrete batch plant are indicated.  It is anticipated that the lay down area will also be
used for parking and site offices for the contractor.  Again, these drawings indicate anticipated
contractor needs.  Actual needs will be dependent on chosen construction techniques and
procedures.
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SECTION 15

FLOOD EMERGENCY PLAN

There is no loss of life, outside the project area, associated with the unlikely event of a
sudden failure of the John T. Myers Dam.  Therefore, an emergency warning/notification plan is
not required for this project.  Flood emergency plans for temporary safety, during construction,
will be developed during future design phases.
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SECTION 16

CONSTRUCTION MATERIALS

16.1  AGGREGATE SOURCES
Within the vicinity of the J.T. Meyers L&D site near Uniontown, there are seventeen

active aggregate sources within a 50-mile radius of the project site.  Of these seventeen, ten are
sand and gravel quarries and seven are limestone quarries.  The closest sand and gravel source to
the site is Delta Materials Co. in Shawneetown, Illinois, which is approximately 13 miles from
the site.  Another sand and gravel quarry in close proximity is another Delta Materials co. quarry
in Henderson, Kentucky.  The nearest limestone sources are located in Cave-In-Rock, Illinois,
approximately 22 miles from the site.  These include Denny-Simpson Co., Rigsby-Barnard
Quarry, and Dravo Corporation.  A listing of the active aggregate sources is shown on Table
16.1A denoting the type of aggregate, company name, and location.

A Construction Materials Design Memorandum will be prepared for future design phases
and will address the design, as well as the sources and suitability of the various types and
quantities of materials, required for constructing the new lock.  The acceptability of these
materials from various project-area sources will be determined.  Sources will be evaluated based
on their quality, availability, production capacity, and economics.  A summary of test results,
cost comparisons, and detailed laboratory test results will be provided.  Additional aggregate
testing will be necessary at the quarries to determine approval of the source.  During that stage of
design, additional quarries will be added to the list for evaluation.  The list of quarries contained
in Table 16.1A is only intended to demonstrate that materials are available in sufficient
quantities and at competitive prices so that availability of materials does not unduly influence the
cost of the project.
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TABLE 16.1A
Active Aggregate Sources

J.T. Myers Lock & Dam
Type Name Town State

LIMESTONE Brown, P.R., Stone Co. Shetlerville IL

Cape Sandy Quarry - Mulzer Stone
Co.

Alton IN

Cedar Bluff Stone Co. Princetown KY

Denny-Simpson Co. Cave-In-Rock IL

Derby Quarry - Mulzer Stone Co. Derby IN

Dravo Corp. - Cave-In-Rock Quarry Cave-In-Rock IL

Kentucky Stone Co. Marion KY

Rigsby-Barnard Quarry Cave-In-Rock IL

Riverside Stone Co. Battletown KY

State Contracting & Stone Co. Hartford KY

White Stone Co. Hardinsburg KY

Williams Stone Co. Rosiclare IL

SAND &
GRAVEL

Cloverport Sand & Gravel Co. Cloverport KY

Daviess County Sand & Gravel Co. Owensboro KY

Delta Materials Co. Henderson KY

Delta Materials Co. Sturgis KY

Delta Materials Co. Shawneetown IL

Evansville Materials Evansville IN

Gibson County Sand & Gravel Co. Owensville IN

Hardy Sand Co. Sandridge IN

Mt. Carmel Sand & Gravel Co. Vincennes IN

Owensboro River Sand & Gravel Co. Owensboro KY

Uniontown Sand & Gravel Co. Caseyville IL
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SECTION 17

OPERATION AND
MAINTENANCE

17.1  GENERAL
After completion of the 600’ lock extension, operation and maintenance of the J. T.

Myers L&D site and environmental mitigation areas will continue to follow current policy and
guidance.  Additional information and recommendations are provided below for specific new
structures.  These recommendations are dependent on the overall layout, design, and operating
experience and are, therefore, subject to revision during final design.

17.2  MOORING FACILITY
The existing mooring facility behind the upper lock land wall will be relocated into a new

harbor immediately upstream of the new inlet area.  Salvageable materials, such as the existing
floating dock, will be reused at the new mooring facility.  As the new mooring facility will be
similar to the existing facility, operation and maintenance of the new mooring facility will be
comparable to the existing, with the exception of a new concrete-filled sheetpile cell, which will
require periodic inspection and maintenance.

17.3  MITER GATE
Periodic maintenance such as resealing and repainting will need to be performed in

accordance with current guidelines.  It is anticipated that passive cathodic protection (sacrificial
magnesium marine anodes) will be included in the design of the miter gates.  The magnesium
anodes should be periodically inspected (approximately once a year) and replaced
(approximately once every ten years).  For ease of replacement, it is recommended that these
anodes be mounted on threaded studs which are welded to the gate.  Inspection and replacement
procedures and schedules should be included in the Operations and Maintenance Manual.

Bulkhead slots will be fabricated from carbon steel and painted to control corrosion.
Periodic maintenance, such as repainting, will need to be performed.  Repainting will be limited
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to the portions of these slots which are above low water.  Periodic repainting should follow
procedures and schedules set forth in the current Operations and Maintenance Manual.

17.4  LOCK WALLS
Maintenance of the new lock walls will be comparable to maintenance of the existing

lock walls.  Periodic painting of wall armor and other lock wall appurtenances will be required.
Inspection and maintenance should follow procedures and schedules set forth in the current
Operations and Maintenance Manual.

17.5  APPROACH WALLS
All four proposed new approach walls will be composed of long floating pontoons,

bounded by a fixed nose pier and a fixed pylon.  Some of the approach walls may have
collapsible skirting panels hung from the pontoons in order to provide flow control.  As the
existing approach walls are not floating walls, it is important to address the maintenance
requirements that are specific to this wall type in more detail.

It is anticipated that water flow patterns in the vicinity of these floating approach walls
will naturally flush away silt accumulating below these walls.  This natural flushing will prevent
the pontoons from bottoming out on the riverbed.  WES modeling, to be completed during future
design phases, will provide valuable insight in assessing this silt flushing assumption.
Occasionally, root balls or other very large and substantial debris may sink to the riverbed below
a pontoon.  In order to avoid pontoon damage, local soundings may be required quarterly, and
large debris removal (with the aid of draglines) may be required occasionally.  Frequency of
soundings may be revised after sufficient operating experience has been gained.

A cursory, overall visual inspection of the pontoon horizontal and vertical alignment
should occur naturally, on a daily basis, as a result of normal lock operation.  If misalignment is
noted during this visual inspection, lock personnel should investigate the cause promptly.  If
leakage is suspected, compartments should be inspected and repaired, as necessary.  If lodged
debris is suspected, inspection and debris removal should be performed.

Pontoon fenders should be inspected in place every year, unless this frequency is found to
be unwarranted based on initial experience.  Fender replacement will be required approximately
every ten to fifteen years.  Occasionally, a minor amount of debris removal may also be required
from this area between the pontoon and the fixed nose pier and pylon structures.

Every two years, a thorough inspection of the pontoon compartments is recommended.
All compartments should be visually checked for water leakage, without entering them, by
looking through the access ports and hatches.  Also, at this time, the seals in the access openings
should be cleaned and coated with silicone, if needed.  Five percent to ten percent of all
compartments, fifty percent of all segment joint compartments, and all compartments suspected
of leakage should be entered, thoroughly inspected, and repaired as necessary.  Again, inspection
frequency may be revised based on experience gained by lock personnel.
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The pontoon wall armor, line hooks, timber heads, and ladder recess armor will require
periodic painting, comparable to the painting requirements for the existing approach walls.

Very infrequent reattachment or replacement of skirting panels may be required.
Periodic indirect inspection of the skirting panels may be accomplished by measuring the
variation of flow velocity (using a vane anemometer or other measuring device) along the length
of the approach walls.  A sudden change in velocity may indicate a damaged or missing skirting
panel.  If further inspection is warranted, a diver or remote camera may then be required.

17.6  FILL/EMPTY SYSTEM
Periodic repainting of the exposed portion of the embedded metal parts and carbon steel

portions of the equipment will be required.  Inspection and repainting should follow procedures
and schedules set forth in the current Operations and Maintenance Manual.

17.7  HELPER TUG
During construction, a helper tug will be provided by the government in order to prevent

barges from impacting incomplete structures, while maintaining lock operations.  In general, the
criteria used to determine the necessity of the helper tug will be as follows:

•  When construction activity is in or is very close to the navigation channel.

•  When structural elements could be damaged by scraping or minor impacts from the tows.

It is anticipated that a helper tug will be needed on site for approximately 630 calendar
days.  The tug will be at least 1800 HP, and it will be capable of turning within the lock approach
area.

17.8  POOL MAINTENANCE AND
DREDGING

The completed 600’ lock extension will increase the footprint of the lock structure and
may change the existing flow patterns somewhat, but it will not change the existing permanent
pool.  During future design phases, WES studies will be performed to examine flow patterns and
also to evaluate the need for excavation of the downstream bank in order to improve the lower
approach channel.  If it is found that bank excavation is required, then maintenance dredging of
this area may be required.  Requirements specific to the new approach walls were addressed in
Section 17.5.  The new intake structure (for the new wrap around culvert) will require periodic
debris removal.  All other dredging and debris requirements are anticipated to be comparable to
those set forth in the current Operations and Maintenance Manual.
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17.9  O&M STAFFING AND COSTS
The staff required to operate and perform routine maintenance at the expanded lock and

dam site will consist of 17 permanent and 2 intermittently needed employees.  Employee duties
will remain similar to their current ones, and the Lockmaster will be in charge of the entire
operation.  The average annual cost of operation and maintenance of the existing and new project
areas is estimated to total $2,370,000.  An estimated cost breakdown summary is shown in
Table 17.9A.

TABLE 17.9A
Estimated Annual Cost of Operation and Ordinary Maintenance

J. T. Myers Locks & Dam
Item Cost

Permanent Staff, 17 employees $1,000,000

Intermittently Needed Staff, 2 employees $50,000

Utilities $30,000

On-Site Equipment Maintenance $50,000

Visitor’s Area $20,000

Supplies $60,000

Pool Maintenance and Dredging $160,000

General Site Maintenance/Minor Contracts $250,000

LRL Repair Fleet and Large Scale Maintenance Contracts $500,000

Subtotal $2,120,000

Supervision and Administration $250,000

TOTAL $2,370,000
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SECTION 18

ACCESS ROADS

A 20-foot wide, two lane, bituminous concrete entry roadway provides access to the
existing esplanade, service mound, visitor, and public use facilities.  Since this is an operating
project, entry to the existing nonpublic facilities must be maintained at all times.  The existing
roadway will continue to provide access to the service mound and public parking lot (to be used
by construction personnel and employees).

Excavation for the wrap-around culvert will require temporary removal of the esplanade.
Therefore, a temporary gravel access roadway will be required between the entry road and the
lock wall.  By staging the construction of the wrap-around culvert and moving the temporary
access roadway as needed, access to the existing lock land wall will be maintained at all times.

A temporary access road will be required east of the entry road to service the relocated
upstream mooring basin and temporary spoil and construction lay down area.  See Drawing
14.9.2.A. In order to construct the dewatering berm and temporary spoil and construction lay
down area, it is not possible to construct this road at its preferred permanent location.  Upon
completion of the lock work, this temporary road will be replaced with a permanent bituminous
concrete road to the relocated mooring basin. Although it would be possible to use the temporary
access road as a permanent road, its entrance location, length, and added time of travel make the
alignment at the temporary access roadway less desirable.  The proposed permanent roadway
alignment will allow for quicker access from both the service mound and the esplanade.

A 24-foot gravel access roadway will be constructed and maintained from the existing
bituminous concrete entry road to the proposed work trestle and adjacent concrete batch plant
and construction lay down area.  See Drawing 14.9.2B.  A second gravel access road will then
branch off of this road in the vicinity of the trestle and extend downstream to access the
downstream approach channel improvement work area.

The second gravel access road is temporary and will be removed after the downstream
bank work is complete.  The first road, between the entry road and the trestle, may be removed
or may remain as permanent access, depending on what is done with the trestle.

Additionally, the contractor may construct temporary access roads through the disposal
area as needed for circulation and operation of construction equipment.
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SECTION 19

CORROSION MITIGATION

19.1  REFERENCE MATERIALS
In the preparation of the Design Report for the Olmsted Locks and Dams, Upper

and Lower Approach Walls (INCA, et. al.), extensive research was conducted in the
selection of appropriate construction materials and corrosion protection measures for
construction in the Ohio River environment.  While the Olmsted Locks and Dams project
is 118.4 river miles downstream of the John T. Myers Locks and Dams project, it was
decided that the data available from the Olmsted project was sufficiently representative to
be of value for this study.  The selection of materials and corrosion protection measures
was guided by:

•  Corrosion protection strategies followed in the design of the Olmsted replacement
lock structure presently under construction.

•  Experience with lock facilities exposed to similar environmental conditions.

•  Documentation of Corps research on the performance of different materials at
existing lock facilities.

 
 Corps-provided documents regarding water and air quality at the site, measured
corrosion rates, material performance, and material recommendations included:
 

•  Materials Testing Program for Blocks and Wedges of the Ohio River Gate
Changeout Project prepared by James Wert and Associates under DACW62-
96-D-0002, delivery order No. 0003.

•  Memorandum for Commander, dated 13 December 1994, on the subject Corrosion
Study of Locks and Dams 52 and 53.

•  Memorandum for Chief, Engineering Division, dated 24 August 1994, on the
subject Listing of Material Requirements for Steel Components on Lock
Structure at Olmsted L & D.

•  Quality of the Ohio River and Atmospheric Deposition and its Relation to
Corrosion of Lock and Dam Facilities in the Lower Ohio River Basin near
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Paducah, Kentucky, Water Resources Investigations Report 91-4050, prepared
by the U.S. Geological Survey.

This document concluded that the “Ohio River water quality does not seem to be
particularly corrosive, on the basis of the pH, alkalinity, and major ion determinations made
during this study and on the basis of historical data.” (p. 60)  However, it was noted that
“…abnormally rapid corrosion of the steel and galvanized steel components of Dam 53 was
occurring (Myers and Riggs, 1984).” (p. 2)

•  Corrosion rate determination based on the REMR Technical Note D2, Optimal
NDE Selection for Sheet Piling at Ohio River Lock & Dam 53.

This document stated that, for the cellular sheetpile structures, “the corrosion at Lock 53
was subjectively estimated to be 8% to 10% of steel thickness (0.375”).  Assuming a steel loss of
9%, gives an estimated corrosion of 0.0337”.  For the six years since construction, this translates
to an annual rate of 0.00562” in one year.  Projecting this rate over a standard 50 year design life,
expected corrosion is computed as 0.28 inches.”

19.2 GALVANIC CORROSION
CONTROL MEASURES

Corrosion control measures for galvanic cells are generally classified as one of two types.
The first type consists of breaking the electrical circuit.  This can be accomplished by eliminating
the anode, the cathode, the electrolyte, or the conductor.  The primary example of this measure is
painting exposed steel, which isolates the anode from the circuit.  Modifying the electrolyte is
common for buried pipe installations, and is usually accomplished by control of the trench
backfill material.  Modifying the electrolyte for this project is not feasible as the most likely
electrolyte is the Ohio River water.  Eliminating the conductor is also not feasible in this
installation since elements of the installation are the conductor.  In the example of a stainless
steel embedded part, the conductor is the embedded part and the reinforcing steel.  For this
installation, breaking the electrical circuit will be accomplished by protective coatings.

The second type of corrosion control for galvanic corrosion is modifying the current
flow.  The current flow can be modified by reducing the electrical potential between the cathode
and the anode, offsetting the electrical potential between the cathode and the anode, or by
providing a sacrificial anode.  Reducing the electrical potential between the cathode and the
anode can be accomplished by selecting construction materials which are close in the galvanic
series.  While this is possible, it is not always feasible in structural designs.  Material selection is
governed primarily by a structural demand and capacity analysis that routinely investigates a
small number of metals, usually limited to carbon steel, stainless steel, and aluminum.

The electrical potential in a galvanic cell can be offset by impressing an electrical current
on the element of the construction which you desire to protect.  The result of this measure is to
stop the flow of ions from the anode to the cathode, thereby stopping the corrosion.  This is
generally called active corrosion protection.  Active corrosion measures are used most frequently
for ferrous items buried in corrosive soils.
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During design for the Olmsted Locks and Dam upper and lower approach walls, active
corrosion protection measures were considered.  It was determined through contact with
operators of similar facilities and the designers of the replacement lock structure, currently under
construction, that impressed current corrosion protection measures were not necessary.  At
present, there is no foreseeable need for an active system at the J. T. Myers Locks & Dam site.

Provision of a sacrificial anode is the third method of modifying the current flow.  This
method consists of providing an anode that creates a greater electrical potential between itself
and the cathode than the element you wish to protect.  In the Galvanic Series of Metals and
Alloys, zinc is second only to magnesium and magnesium alloys in anodic activity.  The
inclusion of a sacrificial zinc or magnesium anode in the galvanic cell creates a circuit that
develops a greater electrical potential between the sacrificial anode and the cathode than between
the anode you wish to protect and the cathode.  This potential creates current flow and, hence,
ion flow from the sacrificial zinc or magnesium, and subsequent corrosion of the sacrificial
anode rather than the protected anode.  The sacrificial anode can be provided as a discreet
element, such as a brick, or distributed over the surface as galvanizing.  Sacrificial zinc anodes
are commonly bolted to hulls of metal boats and to outboard motors.  While impressed current
anodes are considered active corrosion control measures, sacrificial anodes are called passive
corrosion control measures.   It is anticipated that the new miter gate will utilize a passive
cathodic protection system by installing sacrificial anodes.  Other special conditions will be
evaluated individually as they arise during final design.

Cathodic protection is the general term for corrosion control measures that include either
an impressed current or a sacrificial anode.

19.3 CORROSION CONTROL
MEASURES FOR SPECIFIC
ELEMENTS

19.3.1  Approach Walls
The pontoon wall armor, line hooks, timber heads, and ladder recess armor will be

fabricated using appropriate grades of carbon steel material.  They will be painted for corrosion
protection, and repainted as part of the planned maintenance.

Ladders in the pontoon chambers, ladders attached to the end walls of the pontoons, stairs
above the pontoon deck, guard rails, sway bridges, hatch frames, interior bearing plates for
segment joint bolts, and the anchorage chain will be fabricated from carbon steel materials and
hot-dipped galvanized.

The restrainer brackets and impact shields, embedded girders, embedded plates,
embedded ferrules and pipe sleeves (except those grouted inside) receiving bolts, embedded
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pipes accepting the skirt wire rope, gudgeon and pintle, wire ropes holding the skirts, skirt
panels, redundant anchorage system, anchor bolts for high mast light poles, temporary supports
for precast bulkheads, headed studs and bolts (in contact with stainless steel materials) debris
fender brackets, etc. will be made of a variety of stainless steel grades.

19.3.2  Gates and Gate Guides
Gates and gate guides will be fabricated from carbon steel and painted to control

corrosion.  Periodic maintenance such as re-sealing and repainting will need to be accomplished.
Repainting the gate guides will be limited to the portions above low water.  The Maintenance
and Emergency Bulkheads, and the embedded items in the bulkhead slots will also be fabricated
from carbon steel and painted.  Periodic repainting of the bulkheads and the upper portions of the
embedded parts should be included in the Operations and Maintenance Manual for the lock
during final design.

It is anticipated that passive cathodic protection (sacrificial magnesium marine anodes)
will be included in the design of the miter gates.  The magnesium anodes should be located in
each compartment below the waterline on each side of the gate and at both quoin and miter ends.
These anodes will need to be periodically inspected (usually, once a year) and replaced (usually,
once every ten years).  For ease of replacement, it is recommended that these anodes be mounted
on threaded studs which are welded to the gate.  Inspection and replacement procedures and
schedules should be included in the Operations and Maintenance Manual during final design.

Gate operating machinery and bulkhead hoists will generally be fabricated out of carbon
steel and painted.  Special items, such as the piston on the gate operators, will be stainless steel
or chrome plated.

19.3.3  Monoliths
Metallic components of the monoliths will have corrosion control measures similar to the

approach walls.  That is, the exterior armor elements will be painted carbon steel, the above deck
and interior items will be galvanized carbon steel, and the exterior embedded items will be
stainless steel.  The painting schedule should be included in the Operations and Maintenance
Manual during final design.

19.3.4  Filling/Empty System
The exposed metallic items of the fill/empty (F/E) system will be galvanized carbon steel.

The principal example of an exposed item is the trashrack.  The embedded metal parts will be
carbon steel, painted for corrosion control.  The equipment will be a combination of painted
carbon steel and specialty metals.  The equipment includes the culvert valves, culvert bulkheads,
valve and bulkhead guide slots, hoists, and cranes.  As before, special items such as the piston on
the gate operators, will be stainless steel or chrome plated.  Bushings for the culvert valves will
be bronze.
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Periodic painting of the exposed portion of the embedded metal parts and carbon steel
portions of the equipment will be required.  Inspection and repainting procedures and schedules
should be included in the Operations and Maintenance Manual during final design.

19.3.5  Reinforcing Steel
Corrosion control for the reinforcing steel in the concrete portions of the structure is

accomplished during the design of the structural elements.  For reinforced concrete, corrosion
control is accomplished primarily through crack control and concrete cover requirements.  The
Corps Engineer Manual, EM-1110-2-2104, Strength Design for Reinforced Concrete Hydraulic
Structures provides design guidelines for crack control in reinforced concrete structures.  The
EM requires that the factored load combinations are multiplied by a hydraulic factor, Hf.
Increasing the required ultimate strength capacity results in the structural element “working” in a
stress range which is well below its cracking capacity.  The EM also states that the inclusion of
the hydraulic factor precludes the usual checks on the crack control parameter, z, used by the
American Concrete Institute (ACI).  While this is true in general, z may be investigated for some
particular designs as an additional serviceability check.

For buildings (per ACI), z is limited to 175 kips/in for interior exposure and 145
kips/inch for exterior exposure.  For environmental concrete structures (or hydraulic structures) z
is limited to 115 kips/inch.  This provides for crack widths which are applicable to environmental
engineering concrete structures.  For severe conditions, z should be limited to 95 kips/inch.
Immersion in the Ohio River is not considered a severe condition.  Therefore, during design, z
will be limited to 115 kips/inch.

Corrosion protection for the floating portions of the lock is aided by longitudinally post-
tensioning the pontoons.  The presence of a post-tensioning force has several desirable affects
relative to crack and corrosion control.  The primary effect is that precompression of the section
eliminates tension cracks.  A secondary effect is decreased permeability of the concrete.  This is
a by product of the concrete mix design.  Concrete for post-tensioned sections usually has higher
compressive strength, lower water/cement ratio, and lower permeability than concrete for mild
reinforced sections.
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SECTION 20

PROJECT SECURITY

A Project Physical Security Plan is in place for the John T. Myers Locks & Dam project,
and it is in accordance with Security Engineering Manuals TM 5-853-1, -2, -3, and -4.  This plan
outlines in-place site precautions as well as responses to be taken as a result of threats to the
facility.

The locks and dam are manned 24 hours a day, seven days a week at this site.  Limited
applications of fencing and area lighting have been used.  With the 600’ lock extension, this
approach will be continued and closed-circuit television (CCTV), intended for the purpose of
lock operations, will also be available for limited assessment use.  As stated in Volume 3 of the
Security Engineering Manual, “although the use of CCTV for surveillance purposes is not
recommended, it is recommended as an assessment tool.” (p. 2-18)

Adequate lighting is required for the CCTV and for general area lighting.  Per Volume 3,
“Although lighting itself does not provide security, it helps to assess aggressor activities.  The
primary purpose of lighting is to illuminate an area so that visual assessment of that area can be
made either by a guard or by CCTV.  Security lighting also acts as a psychological deterrent to
potential aggressors.” (p. 2-16)

In addition, there is limited fencing at the site, including some fencing with barbed wire
outriggers.  Again, as described in Volume 3 of the Security Engineering Manual, fences “… are
used as protective measures against project-specific threats.  Fencing is not a reliable security
barrier because it provides little delay and can be breached in seconds.  Fences are most
appropriately used to define boundaries and to deter the casual intruder from penetrating a secure
area (by mistake or intentionally).  A fence will assist in controlling and screening authorized
access into a secure area.” (p. 2-7)  Fences used at the project site were placed and will be
continued to be used in this manner, in order to achieve the boundary and screening goals
described in the manual.  During construction, additional fencing will be required to control and
restrict access to construction areas, including those areas which are normally open to the public.
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SECTION 21

COST ESTIMATES

Cost estimates are provided for the following five alternatives (although the cost estimate
for Plan 3 is the most detailed):

•  Plan 1 – Auxiliary Lock Extension
•  Plan 1A – Phase 2 of Plan 1, Construct Supplemental F/E System
•  Plan 2 – Auxiliary Lock Extension with Modifications
•  Plan 3 – Auxiliary Lock Extension with Culverts
•  Plan 4 – Auxiliary Lock Extension, Phased Construction

Drawings 1.3A – 1.3F show the overall layouts of the five 600’ lock extension
alternatives.

The Plan 3 cost estimate has been reviewed and revised, incorporating information from recently
received bids for similar projects.  However, since the other plans were screened out from further
consideration, their cost estimates were not revised.  Therefore, while the Plan 1, 2, and 4 cost
estimates may be compared with each other, it is not appropriate to compare them with Plan 3.

21.1  PLAN 1

21.1.1  Plan 1 Assumptions and Revisions
The current feasibility cost estimate is a continuing effort to refine previous submittals.  It

is a refinement of the construction approach and includes some changes in scope.  Plan 1
includes construction of the 600' lock extension without the wrap around culvert or any other
aspect of the fast fill-empty system of Plan 3.  The discussion and analysis here concern changes
to the estimate and project from Plan 3.  Plan 3 is the “Master Plan”, since it contains the
complete scope of work that was in previous submittals.

The strategy of using either the decommissioned lock at Gallipolis or submersible barges
for construction of float-in monoliths and the floating approach walls is unchanged.
Mobilization, demobilization and preparation costs are slightly less than for Plan 3.  The duration
of time that the contractor’s equipment and batch plant is needed at the site is the same as in
Plan 3.
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Some quantity takeoffs from the Plan 3 estimate, especially site work, have been divided,
separating out work for the lock extension without the wrap around culvert.  The work associated
with the wrap around culvert construction was moved to the Plan 1A estimate.

As in previous estimates, it is assumed that there are no contaminated or hazardous
materials on the site.  It is anticipated that the on-site excavated material will be used as backfill
for the entire project, with no significant quantities of imported borrow required.  The primary
components requiring backfill are the float-in land wall monolith and the float-in miter gate bay
monolith.

The following major changes from Plan 3, resulting from deletion of the wrap around
culvert, are:

•  The esplanade remains intact.
•  The upstream Operations Moorage Facility is not relocated.
•  The existing utilities between the service mound and the locks do not need to be

temporarily relocated.

The contingencies averaged approximately 22% and were assigned based on the level of
knowledge available for each element.

During the final preparation of this report, bids for similar work in the Ohio River
System, at Olmsted Lock and Dam and Braddock Lock and Dam, were opened. Bid prices for
several similar items of work in the current estimate were higher. As a result, analysis of the
costs and prices for these work items will continue, and it may result in higher estimated costs in
future submittals.

The major work breakdown structure (WBS) elements that were revised significantly
from the Plan 3 estimate are discussed below. Costs include contingencies, unless otherwise
noted.

Distributed Items

Distributed items for the “LP” contractor at the Uniontown site and the “GP” contractor
at Gallipolis are the same as for Plan 3.  However, at the lock site, the direct costs of the lock
extension, without the wraparound culvert, are considerably smaller.  This results in a higher
field office overhead rate of  8.19%, up from 6.60% in Plan 3.  This is reflected in all of the
WBS elements.  Therefore, even those elements unchanged in scope or quantities by deletion of
the wrap around culvert show a higher contract amount in the respective summaries.

Helper tugs and marine insurance are unchanged from the Plan 3 estimate.

Feature 0500: Locks

Element:

01 Mobilization and Preparatory Work:  The site work has been reduced from 29 acres to 22
acres, due to elimination of the wrap around culvert excavation/fill and elimination of the
upstream mooring facility relocation, when compared with Plan 3.
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02 Drainage:  There were no changes to quantities or scope.  The additional cost was due to
the effects of the increased field office overhead, as discussed above.

03 Care and Diversion of Water:  There were no changes to quantities or scope.  The
additional cost was due to the increase in field office overhead, as discussed above.

04 Permanent Access Roads and Parking:  The quantity has been reduced to 1445 SY from
33667 SY.  The esplanade reconstruction will not have to be done in this phase.

09 Buildings, Project Operations:  There were no changes to quantities or scope.  The
additional cost was due to the increase in field office overhead, as discussed above.

10 Earthwork for Structures:  There were no changes to quantities or scope. The additional
cost was due to the increase in field office overhead, as discussed above.

11 Foundation Work:  There were no changes to quantities or scope. The additional cost was
due to the increase in field office overhead, as discussed above.

57 Lock Gates and Operating Machinery:  There were no changes to quantities or scope.
The additional cost was due to the increase in field office overhead, as discussed above.

62 Approach Walls, Upper and Lower:  A very large cost increase over Plan 3 stems from
deleting the floating lower land guide wall and substituting a fixed guide wall with a
drilled pier foundation at this location.  A fixed approach wall is required in Plan 1 due to
Operations maintenance dredging concerns.  These concerns are alleviated in Plan 3 by
the "flushing action" provided by the landside diffuser.  This component alone has a
contract price of approximately $15.4 million.  The remaining floating walls, in this plan,
amount to a $22.1 million contract price. There were no other changes to quantities or
scope.  The increase in field office overhead was also included, as discussed above.

63 Lock Structure:  Additional mass concrete is required for the lock wall.  Therefore, the
direct costs increase by approximately $1.9 million.  This results in a $2.2 million
increase after contingencies.  There are also additional costs due to the increase in field
office overhead, as discussed above.

64 Fill/Empty System:  Deleted; there is no part of the fast F/E system in this plan.

65 Piping System: There was a decrease due to elimination of the piping system for the
culvert valves.

66 Power and Lighting System:  There were no changes to quantities or scope.  The
additional cost was due to the increase in field office overhead, as discussed above.
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Feature 1900: Buildings, Grounds, and Utilities

Element:

04 Construction Moorage Area and Service Roads:  There were no changes to quantities or
scope.  The additional cost was due to the increase in field office overhead, as discussed
above.

06 Day Use Area, next to Esplanade: Deleted, as there will be no removal and restoration
needed since the wrap around culvert is not constructed in Plan 1.

08 Operations Mooring Facility Relocation:  Deleted, since this will not be required in
Plan 1.

09 Miscellaneous Site Work:  Site grading and landscaping has a little reduction in scope
due to elimination of wrap around culvert and operations moorage facility construction in
Plan 1.  The cost is a little higher, nevertheless, due to the field office overhead increase
discussed above.

21.1.2  Plan 1 Cost Estimate
The cost estimate summary for Plan 1 – Auxiliary Lock Extension is provided on the

following pages.



 
 
Tue 09 Nov 1999                                                         Constructioneering, Inc.                                                           TIME 15:37:17 
Eff. Date  10/01/99                                     PROJECT 600A1-:   600 Ft Lock Extension Plan 1 - Construction 
                                                                    Feasibility Report - PLAN 1 Construction                                               SUMMARY PAGE    1 
                                                         ** PROJECT OWNER SUMMARY - Element (Rounded to 1000's) ** 
 
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------- 
                                                                                                            QUANTITY UOM    CONTRACT    CONTINGN  TOTAL COST    UNIT   NOTES 
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------- 
 
 
                                                             0500  LOCKS 
 
                                                             0500.01  Mob, Demob & Preparatory Work                        5,652,000   1,300,000   6,952,000 
                                                             0500.02  Drainage                                               146,000      35,000     181,000 
                                                             0500.03  Care and Diversion of Water                            279,000      56,000     335,000 
                                                             0500.04  Permanent Access Roads & Parking       1445.00 SY       30,000       5,000      35,000   24.24 
                                                             0500.09  Buildings, Project Operations          1584.00 SF      134,000      33,000     167,000  105.60 
                                                             0500.10  Earthwork for Structures                             7,011,000   1,683,000   8,694,000 
                                                             0500.11  Foundation Work                        6500.00 CY    1,895,000     379,000   2,274,000  349.90 
                                                             0500.57  Lock Gates & Operate Machine U/L                     4,787,000     718,000   5,505,000              57 
                                                             0500.62  Approach Walls, Upper and Lower                     37,519,000   7,504,000  45,023,000 
                                                             0500.63  Lock Structure                                      25,981,000   6,495,000  32,477,000 
                                                             0500.65  Piping system                                          326,000      62,000     388,000 
                                                             0500.66  Power and Lighting System                            2,130,000     383,000   2,513,000 
                                                                                                                         ----------- ----------- ----------- 
                                                                TOTAL LOCKS                                               85,891,000  18,654,000 104,545,000 
 
 
                                                             1900  BUILDINGS, GROUNDS & UTILITIES 
 
                                                             1900.04  Construction Moorage & Svc Roads                     1,743,000     436,000   2,179,000 
                                                             1900.09  Misc Sitework                                        3,497,000     699,000   4,197,000 
                                                                                                                         ----------- ----------- ----------- 
                                                                TOTAL BUILDINGS, GROUNDS & UTILITIES                       5,240,000   1,135,000   6,376,000 
                                                                                                                         ----------- ----------- ----------- 
                                                                TOTAL 600 Ft Lock Extension Plan 1                        91,132,000  19,789,000 110,921,000 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
LABOR ID: OL1097    EQUIP ID: OL1097                                        Currency in DOLLARS                                          CREW ID: JM1099   UPB ID: NAT95A 



 
 
Tue 09 Nov 1999                                                         Constructioneering, Inc.                                                           TIME 15:37:17 
Eff. Date  10/01/99                                     PROJECT 600A1-:   600 Ft Lock Extension Plan 1 - Construction 
                                                                    Feasibility Report - PLAN 1 Construction                                               SUMMARY PAGE    2 
                                                         ** PROJECT OWNER SUMMARY - SubElemt (Rounded to 1000's) ** 
 
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------- 
                                                                                                            QUANTITY UOM    CONTRACT    CONTINGN  TOTAL COST    UNIT   NOTES 
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------- 
 
 
                                                             0500  LOCKS 
 
                                                             0500.01  Mob, Demob & Preparatory Work 
 
                                                             0500.01.01  Mobilization & Demob of Equipmnt                    962,000     221,000   1,183,000 
                                                             0500.01.02  Preparatory Work                      22.50 ACR   1,301,000     299,000   1,600,000   71098 
                                                             0500.01.03  Dry Dock                                          3,390,000     780,000   4,170,000 
                                                                                                                         ----------- ----------- ----------- 
                                                                   TOTAL Mob, Demob & Preparatory Work                     5,652,000   1,300,000   6,952,000 
 
 
                                                             0500.02  Drainage 
 
                                                             0500.02.01  Catch Basins                                         12,000       3,000      15,000 
                                                             0500.02.03  Drainage Pipe, Size 12"-18"         3980.00 LF      134,000      32,000     166,000   41.70 
                                                                                                                         ----------- ----------- ----------- 
                                                                   TOTAL Drainage                                            146,000      35,000     181,000 
 
 
                                                             0500.03  Care and Diversion of Water 
 
                                                             0500.03.05  Dewater Lock Chamber                   3.00 MO      279,000      56,000     335,000  111772 
                                                                                                                         ----------- ----------- ----------- 
                                                                   TOTAL Care and Diversion of Water                         279,000      56,000     335,000 
 
 
                                                             0500.04  Permanent Access Roads & Parking 
 
                                                             0500.04.03  Upgrade Existing Roads              1445.00 SY       30,000       5,000      35,000   24.24 
                                                                                                                         ----------- ----------- ----------- 
                                                                   TOTAL Permanent Access Roads & Parking    1445.00 SY       30,000       5,000      35,000   24.24 
 
 
                                                             0500.09  Buildings, Project Operations 
 
                                                             0500.09.02  Control Stations                    1584.00 SY      134,000      33,000     167,000  105.60 
                                                                                                                         ----------- ----------- ----------- 
                                                                   TOTAL Buildings, Project Operations       1584.00 SF      134,000      33,000     167,000  105.60 
 
 
                                                             0500.10  Earthwork for Structures 
 
                                                             0500.10.02  Common Excavation                     92195 CY      704,000     169,000     873,000    9.47 
                                                             0500.10.03  Rock Excavation                     3591.00 BCY      85,000      20,000     106,000   29.39 
                                                             0500.10.05  Backfill                             170950 CY      746,000     179,000     925,000    5.41 
                                                             0500.10.07  Demolition                          4870.00 CY      766,000     184,000     949,000  194.93 
                                                             0500.10.08  Dredging                             417644 CY    4,708,000   1,130,000   5,837,000   13.98 
                                                             0500.10.09  Stone Slope Protection               100.00 CY        3,000       1,000       4,000   42.76 
                                                                                                                         ----------- ----------- ----------- 
                                                                   TOTAL Earthwork for Structures                          7,011,000   1,683,000   8,694,000 
 
 
LABOR ID: OL1097    EQUIP ID: OL1097                                        Currency in DOLLARS                                          CREW ID: JM1099   UPB ID: NAT95A 
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                                                         ** PROJECT OWNER SUMMARY - SubElemt (Rounded to 1000's) ** 
 
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------- 
                                                                                                            QUANTITY UOM    CONTRACT    CONTINGN  TOTAL COST    UNIT   NOTES 
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------- 
 
                                                             0500.11  Foundation Work 
 
                                                             0500.11.05  Site Work                           6500.00 CY    1,895,000     379,000   2,274,000  349.90 
                                                                                                                         ----------- ----------- ----------- 
                                                                   TOTAL Foundation Work                     6500.00 CY    1,895,000     379,000   2,274,000  349.90 
 
 
                                                             0500.12  Seepage Control 
 
                                                             0500.12.01  Drilling and Grouting 
                                                             0500.57  Lock Gates & Operate Machine U/L 
 
                                                             0500.57.01  Miter Gates & Embedded Metals        820000 LB    3,434,000     515,000   3,949,000    4.82 
                                                             0500.57.02  Embedded Metals, Maint Bulkhead      208000 LB      804,000     121,000     925,000    4.45 
                                                             0500.57.04  Miter Gate Operating Machinery         2.00 EA      338,000      51,000     388,000  194194 
                                                             0500.57.05  Existing Miter Gate Removal          656000 LB      211,000      32,000     242,000    0.37 
                                                                                                                         ----------- ----------- ----------- 
                                                                   TOTAL Lock Gates & Operate Machine U/L                  4,787,000     718,000   5,505,000              57 
 
 
                                                             0500.62  Approach Walls, Upper and Lower 
 
                                                             0500.62.34  JT Myers Nose Piers, Upper Walls       2.00 EA    5,186,000   1,037,000   6,223,000 3111642 
                                                             0500.62.35  JT Myers Nose Piers, Lower Walls       1.00 EA    3,089,000     618,000   3,707,000 3707100 
                                                             0500.62.36  Pylon, Stand Alone, U/S River          1.00 EA      597,000     119,000     716,000  716317 
                                                             0500.62.37  Pylon, Attached, DS Guide Wall         1.00 EA      252,000      50,000     302,000  302090 
                                                             0500.62.38  Pylon, Attached, US Middle Wall        1.00 EA       87,000      17,000     105,000  104911 
                                                             0500.62.40  Upper & Lower Float Guide Walls     1960.00 LF   12,937,000   2,587,000  15,524,000 7920.32 
                                                             0500.62.50  JT Myers CIP Lower Land Wall         700.00 LF   15,371,000   3,074,000  18,445,000   26351 
                                                                                                                         ----------- ----------- ----------- 
                                                                   TOTAL Approach Walls, Upper and Lower                  37,519,000   7,504,000  45,023,000 
 
 
                                                             0500.63  Lock Structure 
 
                                                             0500.63.01  Concrete, Float-In, Stage I         6476.00 CY    3,047,000     762,000   3,809,000  588.20 
                                                             0500.63.04  Concrete, Precast, Stage 2 3 & 4    5567.00 CY    4,098,000   1,024,000   5,122,000  920.11 
                                                             0500.63.05  Concrete, Mass, Stage 4               56568 CY    6,869,000   1,717,000   8,586,000  151.79 
                                                             0500.63.06  Concrete, CIP, Miter Gate Recess    2058.00 CY      529,000     132,000     661,000  321.12 
                                                             0500.63.07  Concrete, CIP, Wall Mono's L2-L5    2431.00 CY    2,479,000     620,000   3,098,000 1274.58 
                                                             0500.63.08  Reinforcing Steel                   1836.00 TON   3,320,000     830,000   4,151,000 2260.65 
                                                             0500.63.09  Anchor Existing Monolith Walls       106.00 EA    1,901,000     475,000   2,377,000   22421 
                                                             0500.63.10  Floating Mooring Bitt                 10.00 EA      615,000     154,000     768,000   76836 
                                                             0500.63.12  Steel Ladders                       1900.00 VLF     155,000      39,000     193,000  101.67 
                                                             0500.63.22  Line Hooks                                          160,000      40,000     201,000 
                                                             0500.63.23  Check Posts                                         160,000      40,000     201,000 
                                                             0500.63.24  Wall Armor                            80.00 TON     287,000      72,000     358,000 4481.23 
                                                             0500.63.40  Embedded Piping                                   1,306,000     327,000   1,633,000 
                                                             0500.63.70  Maintenance Bulkhead Sill           2900.00 CY      806,000     202,000   1,008,000  347.46 
                                                             0500.63.85  Metals                                85.00 TON     249,000      62,000     311,000 3658.61 
                                                                                                                         ----------- ----------- ----------- 
 
 
LABOR ID: OL1097    EQUIP ID: OL1097                                        Currency in DOLLARS                                          CREW ID: JM1099   UPB ID: NAT95A 
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---------------------------------------------------------------------------------------------------------------------------------------------------------------------------- 
                                                                                                            QUANTITY UOM    CONTRACT    CONTINGN  TOTAL COST    UNIT   NOTES 
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------- 
 
                                                                   TOTAL Lock Structure                                   25,981,000   6,495,000  32,477,000 
 
 
                                                             0500.65  Piping system 
 
                                                             0500.65.01  Hydraulic System                       1.00 EA      230,000      44,000     273,000  273335 
                                                             0500.65.02  Compressed Air Piping System                         48,000       9,000      57,000 
                                                             0500.65.03  Raw Water Piping System                              48,000       9,000      57,000 
                                                                                                                         ----------- ----------- ----------- 
                                                                   TOTAL Piping system                                       326,000      62,000     388,000 
 
 
                                                             0500.66  Power and Lighting System 
 
                                                             0500.66.01  Electrical Work                                     621,000     112,000     733,000 
                                                             0500.66.02  Control & Signal Systems                          1,509,000     272,000   1,781,000 
                                                                                                                         ----------- ----------- ----------- 
                                                                   TOTAL Power and Lighting System                         2,130,000     383,000   2,513,000 
                                                                                                                         ----------- ----------- ----------- 
                                                                   TOTAL LOCKS                                            85,891,000  18,654,000 104,545,000 
 
 
                                                             1900  BUILDINGS, GROUNDS & UTILITIES 
 
                                                             1900.04  Construction Moorage & Svc Roads 
 
                                                             1900.04.20  Temporary Construction Moorage                    1,743,000     436,000   2,179,000 
                                                                                                                         ----------- ----------- ----------- 
                                                                   TOTAL Construction Moorage & Svc Roads                  1,743,000     436,000   2,179,000 
 
 
                                                             1900.09  Misc Sitework 
 
                                                             1900.09.04  Downstream Channel Approach          318916 CY    2,946,000     589,000   3,536,000   11.09 
                                                             1900.09.10  Excavation and Grading               256000 SY      256,000      51,000     308,000    1.20 
                                                             1900.09.15  Landscaping                           53.03 ACR     295,000      59,000     354,000 6666.58 
                                                                                                                         ----------- ----------- ----------- 
                                                                   TOTAL Misc Sitework                                     3,497,000     699,000   4,197,000 
                                                                                                                         ----------- ----------- ----------- 
                                                                   TOTAL BUILDINGS, GROUNDS & UTILITIES                    5,240,000   1,135,000   6,376,000 
                                                                                                                         ----------- ----------- ----------- 
                                                                   TOTAL 600 Ft Lock Extension Plan 1                     91,132,000  19,789,000 110,921,000 
 
 
 
 
 
 
 
 
 
 
 
LABOR ID: OL1097    EQUIP ID: OL1097                                        Currency in DOLLARS                                          CREW ID: JM1099   UPB ID: NAT95A 
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21.2  PLAN 1A

21.2.1  Plan 1A Assumptions and Revisions
The current feasibility cost estimate is a continuing effort to refine previous submittals.  It

is a refinement of the construction approach and includes some changes in scope.  Plan 1A
includes construction of the wrap around culvert and a fast fill-empty system, which is
substantially different from Plan 3.  It assumes that Plan 1 was constructed at an earlier date, and
lock improvements to provide a fast fill/empty system are desired at a later date.  The discussion
and analysis here concern changes to the estimate and project from Plan 3.  Plan 3 is the “Master
Plan”, since it contains the complete scope of work that was in previous submittals.

Mobilization, demobilization and preparation costs are incurred again, since the
assumption is that Plan 1A construction will commence some time after Plan 1 construction is
complete, and the extended lock is in operation.  The duration of time that the contractor’s
equipment and batch plant is needed at the site is reduced slightly from Plan 3.

Some quantity takeoffs from the Plan 3 estimate, especially site work, have been divided,
separating out work for the wrap around culvert without the lock extension.  The work associated
with the lock extension construction was included in the Plan 1 estimate.

As in previous estimates, it is assumed that there are no contaminated or hazardous
materials on the site.  It is anticipated that the on-site excavated material will be used as backfill
for the entire project, with no significant quantities of imported borrow required.  The primary
components requiring backfill are the wrap around culvert and valve monoliths.

The following major changes from Plan 3, resulting from construction of the fast
fill/empty system, are:

•  Approximately 20-foot diameter openings must be mined through the lock wall
monoliths in order to connect the wrap around culvert to the central culvert in
the lock chamber.

•  A central culvert and laterals must be constructed inside the lock chamber.
•  Both an outlet valve monolith and an inlet valve monolith must be constructed.

The contingencies averaged approximately 22% and were assigned based on the level of
knowledge available for each element.

During the final preparation of this report, bids for similar work in the Ohio River
System, at Olmsted Lock and Dam and Braddock Lock and Dam, were opened. Bid prices for
several similar items of work in the current estimate were higher. As a result, analysis of the
costs and prices for these work items will continue, and it may result in higher estimated costs in
future submittals.
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The major work breakdown structure (WBS) elements that were revised significantly
from the Plan 3 estimate are discussed below. Costs include contingencies, unless otherwise
noted.

Distributed items

Distributed items from the “GP” contractor at Gallipolis are deleted. Although
construction of the float-in wall diffuser monolith is required, it is expected there will be
commercial graving docks available for the stage 1, base raft work, for this structure. Mobilizing
the Gallipolis site is not cost effective. Distributed items for the “LP” contractor at the
Uniontown site are reduced nominally from 24 months to 20 months This results in a field office
overhead rate of 11.71%, which is higher than the Plan 3 rate of 6.60% and the Plan 1 rate of
8.19%.  This is reflected in all of the WBS elements.  Therefore, even those elements unchanged
in scope or quantities by deletion of the wrap around culvert show a higher contract amount in
the respective summaries.

Helper tug daily cost is unchanged from the Plan 3 estimate.

Feature 0500: Locks

Element:

01 Mobilization and Preparatory Work:  The site work has been reduced to approximately
19 acres in Plan 1A, due to elimination of the downstream channel improvements from
this plan, when compared with Plan 3.  Work for the temporary construction moorage
area, needed for the deep draft construction stages of the wall diffuser, is included in
Feature 1900.  Also, it is assumed there are no graving dock preparation costs, as
discussed above.

02 Drainage:  Deleted; no work in this phase.

03 Care and Diversion of Water:  Need to dewater the lock chamber for rock excavation and
construction of the F/E culvert and laterals.  There are also additional costs due to the
increase in field office overhead, as discussed above.

04 Permanent Access Roads and Parking:  There were no changes to quanitites or scope.
The additional cost was due to the increase in field office overhead, as discussed above.
The esplanade and the project access road are rebuilt after the wrap around culvert
construction is completed.

09 Buildings, Project Operations:  Deleted; no work this phase.

10 Earthwork for Structures:  Deleted; no work this phase.  Excavation for the F/E system is
included in Element 64.

11 Foundation Work:  Deleted; no work this phase.

57 Lock Gates and Operating Machinery:  Deleted; no work this phase.
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62 Approach Walls, Upper and Lower:  Deleted; no work this phase.

63 Lock Structure:  Deleted; no work this phase.

64 Fill/Empty System:  This cost increased approximately $10 million from the Plan 3
estimate.  The chief reasons for this increase are:

•  Boring 20-foot diameter openings through approximately 40-foot thick concrete
monolith walls.

•  Rock excavation inside the lock chamber for the central culvert.
•  Installation of an additional 400 feet of precast concrete culvert.
•  A second concrete culvert valve monolith is required.
•  Increased shoring and dewatering effort.
•  Other items unchanged in size, design and quantity have increased costs due to the

increase in field office overhead effects discussed above.

65 Piping System: There were no changes to quanitites or scope.  The additional cost was
due to the increase in field office overhead, as discussed above.

66 Power and Lighting System:  Deleted; no work this phase.

Feature 1900: Buildings, Grounds, and Utilities

Element:

04 Construction Moorage Area and Service Roads:  75% of the work and costs to construct
the temporary moorage facility have been added here.  It is needed for the deep draft
stages of construction of the float-in wall diffuser.  If this structure was retained from
Plan 1 construction, it will have to be dredged and substantially renovated for Plan 1A
construction.  Also, $1.6 million in Mobilization & Preparatory work and Earthwork for
Structures (Construction Moorage facility) quantities were moved here from Elements 01
and 10, respectively, in order to consolidate the effort for the construction moorage area.

06 Day Use Area, next to Esplanade:  Same as Plan 3. There were no changes to quanitites
or scope.  The additional cost was due to the increase in field office overhead, as
discussed above.

08 Operations Mooring Facility Relocation:  Required in Plan 1A due to construction of the
intake monolith and wrap around culvert.

09 Miscellaneous Site Work:  Site grading and landscaping has a substantial reduction in
scope, when compared with Plan 3, as downstream channel improvements are not
required in this phase.
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21.2.2  Plan 1A Cost Estimate
The cost estimate summary for Plan 1A – Phase 2 of Plan 1, Construct Supplemental F/E

System is provided on the following pages.



 
 
Tue 09 Nov 1999                                                         Constructioneering, Inc.                                                           TIME 15:37:57 
Eff. Date  10/01/99                                    PROJECT 600A1A:   600 Ft Lock Extension Plan 1A - Construction 
                                                                   Feasibility Report - PLAN 1A Construction                                               SUMMARY PAGE    1 
                                                         ** PROJECT OWNER SUMMARY - Element (Rounded to 1000's) ** 
 
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------- 
                                                                                                            QUANTITY UOM    CONTRACT    CONTINGN  TOTAL COST    UNIT   NOTES 
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------- 
 
 
                                                             0500  LOCKS 
 
                                                             0500.01  Mob, Demob & Preparatory Work                        2,381,000     548,000   2,929,000 
                                                             0500.03  Care and Diversion of Water                            288,000      58,000     346,000 
                                                             0500.04  Permanent Access Roads & Parking         33667 SY      828,000     141,000     968,000   28.76 
                                                             0500.64  Filling and Emptying System                         35,841,000   7,885,000  43,726,000 
                                                             0500.65  Piping system                                          237,000      45,000     282,000 
                                                                                                                         ----------- ----------- ----------- 
                                                                TOTAL LOCKS                                               39,575,000   8,676,000  48,251,000 
 
 
                                                             1900  BUILDINGS, GROUNDS & UTILITIES 
 
                                                             1900.04  Construction Moorage & Svc Roads                     3,332,000     833,000   4,165,000 
                                                             1900.06  Day Use Area, next to Esplanade                        149,000      37,000     186,000 
                                                             1900.08  Mooring Facility Relocation                          2,957,000     739,000   3,697,000 
                                                             1900.09  Misc Sitework                                          203,000      41,000     243,000 
                                                                                                                         ----------- ----------- ----------- 
                                                                TOTAL BUILDINGS, GROUNDS & UTILITIES                       6,641,000   1,650,000   8,291,000 
                                                                                                                         ----------- ----------- ----------- 
                                                                TOTAL 600 Ft Lock Extension Plan 1A                       46,216,000  10,326,000  56,542,000 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
LABOR ID: OL1097    EQUIP ID: OL1097                                        Currency in DOLLARS                                          CREW ID: JM1099   UPB ID: NAT95A 
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                                                             0500  LOCKS 
 
                                                             0500.01  Mob, Demob & Preparatory Work 
 
                                                             0500.01.01  Mobilization & Demob of Equipmnt                    992,000     228,000   1,220,000 
                                                             0500.01.02  Preparatory Work                     143000 SY    1,389,000     319,000   1,708,000   11.95 
                                                                                                                         ----------- ----------- ----------- 
                                                                   TOTAL Mob, Demob & Preparatory Work                     2,381,000     548,000   2,929,000 
 
 
                                                             0500.03  Care and Diversion of Water 
 
                                                             0500.03.05  Dewater Lock Chamber                   3.00 MO      288,000      58,000     346,000  115314 
                                                                                                                         ----------- ----------- ----------- 
                                                                   TOTAL Care and Diversion of Water                         288,000      58,000     346,000 
 
 
                                                             0500.04  Permanent Access Roads & Parking 
 
                                                             0500.04.02  Esplanade                             32222 SY      797,000     135,000     932,000   28.93 
                                                             0500.04.03  Upgrade Existing Roads              1445.00 SY       31,000       5,000      36,000   25.01 
                                                                                                                         ----------- ----------- ----------- 
                                                                   TOTAL Permanent Access Roads & Parking      33667 SY      828,000     141,000     968,000   28.76 
 
 
                                                             0500.64  Filling and Emptying System 
 
                                                             0500.64.01  Shoring, Type 27                    3124.00 TON   6,082,000   1,338,000   7,420,000 2375.09 
                                                             0500.64.02  Unwatering                                        1,128,000     248,000   1,376,000 
                                                             0500.64.03  Excavation, Common, Wet & Dry        659488 CY    3,086,000     679,000   3,765,000    5.71 
                                                             0500.64.04  Excavation, Rock, Wet & Dry           16478 CY      873,000     192,000   1,065,000   64.62 
                                                             0500.64.05  Backfill                             266670 CY    2,355,000     518,000   2,873,000   10.77 
                                                             0500.64.06  Screens & Nose Plates at Intake        1.00 EA      217,000      48,000     265,000  264742 
                                                             0500.64.07  Concrete, C.I.P. Intake Monolith    4000.00 CY    1,124,000     247,000   1,371,000  342.70 
                                                             0500.64.08  Concrete, Thrust Block              9100.00 CY    2,737,000     602,000   3,340,000  367.00 
                                                             0500.64.09  Concrete Culvert, 16.5 Ft dia       9051.00 CY    6,639,000   1,461,000   8,100,000  894.94 
                                                             0500.64.10  Ice & Debris Boom                    230.00 LF      278,000      61,000     339,000 1473.58 
                                                             0500.64.11  Culvert Valve & Embedded Metals       88000 LB      444,000      98,000     542,000    6.16 
                                                             0500.64.12  Culvert Valve Operating Machin-        2.00 EA      161,000      35,000     197,000   98333 
                                                             0500.64.13  Culvert Valve Bulkheads and          136000 LB      612,000     135,000     747,000    5.49 
                                                             0500.64.15  Float-in Diffuser Monolith            12427 CY    4,153,000     914,000   5,067,000  407.73 
                                                             0500.64.16  Valve Structure                        2.00 EA    4,070,000     896,000   4,966,000 2482995 
                                                             0500.64.22  Drilled Shaft Wing Wall              340.00 LF    1,569,000     345,000   1,915,000 5631.06 
                                                             0500.64.90  Miscellaneous Mechanical Work                       126,000      28,000     154,000 
                                                             0500.64.93  Relocate Existing Utilities                         186,000      41,000     227,000 
                                                                                                                         ----------- ----------- ----------- 
                                                                   TOTAL Filling and Emptying System                      35,841,000   7,885,000  43,726,000 
 
 
                                                             0500.65  Piping system 
 
 
LABOR ID: OL1097    EQUIP ID: OL1097                                        Currency in DOLLARS                                          CREW ID: JM1099   UPB ID: NAT95A 
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                                                             0500.65.01  Hydraulic System                       1.00 EA      237,000      45,000     282,000  281996 
                                                                                                                         ----------- ----------- ----------- 
                                                                   TOTAL Piping system                                       237,000      45,000     282,000 
                                                                                                                         ----------- ----------- ----------- 
                                                                   TOTAL LOCKS                                            39,575,000   8,676,000  48,251,000 
 
 
                                                             1900  BUILDINGS, GROUNDS & UTILITIES 
 
                                                             1900.04  Construction Moorage & Svc Roads 
 
                                                             1900.04.05  Mob, Demob & Preparatory Work                        60,000      15,000      75,000 
                                                             1900.04.10  Earthwork for Structures                          1,924,000     481,000   2,406,000 
                                                             1900.04.20  Temporary Construction Moorage                    1,347,000     337,000   1,684,000 
                                                                                                                         ----------- ----------- ----------- 
                                                                   TOTAL Construction Moorage & Svc Roads                  3,332,000     833,000   4,165,000 
 
                                                             1900.06  Day Use Area, next to Esplanade                        149,000      37,000     186,000 
 
                                                             1900.08  Mooring Facility Relocation 
 
                                                             1900.08.05  Remove Existing Boat Ramp                             3,000       1,000       3,000 
                                                             1900.08.10  Remove Wharf Turn Around Area                         6,000       2,000       8,000 
                                                             1900.08.15  Remove Boat Ramp Electrical                           7,000       2,000       9,000 
                                                             1900.08.20  Construct New Boat Moorage                        2,941,000     735,000   3,677,000 
                                                                                                                         ----------- ----------- ----------- 
                                                                   TOTAL Mooring Facility Relocation                       2,957,000     739,000   3,697,000 
 
 
                                                             1900.09  Misc Sitework 
 
                                                             1900.09.10  Excavation and Grading                81800 SY       97,000      19,000     116,000    1.42 
                                                             1900.09.15  Landscaping                           18.53 ACR     106,000      21,000     128,000 6884.54 
                                                                                                                         ----------- ----------- ----------- 
                                                                   TOTAL Misc Sitework                                       203,000      41,000     243,000 
                                                                                                                         ----------- ----------- ----------- 
                                                                   TOTAL BUILDINGS, GROUNDS & UTILITIES                    6,641,000   1,650,000   8,291,000 
                                                                                                                         ----------- ----------- ----------- 
                                                                   TOTAL 600 Ft Lock Extension Plan 1A                    46,216,000  10,326,000  56,542,000 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
LABOR ID: OL1097    EQUIP ID: OL1097                                        Currency in DOLLARS                                          CREW ID: JM1099   UPB ID: NAT95A 
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21.3  PLAN 2

21.3.1  Plan 2 Assumptions and Revisions
The current feasibility cost estimate is a continuing effort to refine previous submittals.  It

is a refinement of the construction approach and includes some changes in scope.  Plan 2
includes construction of the 600' lock extension without the wrap around culvert.  The fill/empty
system laterals, outlet valve, and landside wall diffuser are constructed in this plan.  The
discussion and analysis here concern changes to the estimate and project from Plan 3.  Plan 3 is
the “Master Plan”, since it contains the complete scope of work that was in previous submittals.

The strategy of using either the decommissioned lock at Gallipolis or submersible barges
for construction of float-in monoliths and the floating approach walls is unchanged.
Mobilization, demobilization and preparation costs are approximately the same as for Plan 3.
The duration of time that the contractor’s equipment and batch plant is needed at the site is the
same as in Plan 3.

Some quantity takeoffs from the Plan 3 estimate, especially site work, have been divided,
separating out work for the lock extension without the wrap around culvert.  The work associated
with the wrap around culvert construction is not included in Plan 2.

As in previous estimates, it is assumed that there are no contaminated or hazardous
materials on the site.  It is anticipated that the on-site excavated material will be used as backfill
for the entire project, with no significant quantities of imported borrow required.  The primary
components requiring backfill are the float-in land wall monolith and the float-in miter gate bay
monolith.

The following major changes from Plan 3, resulting from deletion of the wrap around
culvert, are:

•  The esplanade remains intact.
•  The upstream Operations Moorage Facility is not relocated.
•  The existing utilities between the service mound and the locks do not need to be

temporarily relocated.

The contingencies averaged approximately 22% and were assigned based on the level of
knowledge available for each element.

During the final preparation of this report, bids for similar work in the Ohio River
System, at Olmsted Lock and Dam and Braddock Lock and Dam, were opened. Bid prices for
several similar items of work in the current estimate were higher. As a result, analysis of the
costs and prices for these work items will continue, and it may result in higher estimated costs in
future submittals.
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The major work breakdown structure (WBS) elements that were revised significantly
from the Plan 3 estimate are discussed below. Costs include contingencies, unless otherwise
noted.

Distributed Items

Distributed items for the “LP” contractor at the Uniontown site and the “GP” contractor
at Gallipolis are the same as for Plan 3.  However, at the lock site, the direct costs of the lock
extension, without the wraparound culvert, is considerably smaller.  This results in a higher
overhead rate of  9.11%, up from 6.60% in Plan 3.  This is reflected in all of the WBS elements.
Therefore, even those elements unchanged in scope or quantities by deletion of the wrap around
culvert show a higher contract amount in the respective summaries.

Helper tugs and marine insurance are unchanged from the Plan 3 estimate.

Feature 0500: Locks

Element:

01 Mobilization and Preparatory Work:  The site work has been reduced from 29 acres to 22
acres, due to elimination of the wrap around culvert excavation/fill and elimination of the
upstream mooring facility relocation, when compared with Plan 3.

02 Drainage:  There were no changes to quantities or scope.  The additional cost was due to
the effects of the increased field office overhead, as discussed above.

03 Care and Diversion of Water:  There were no changes to quantities or scope.  The
additional cost was due to the increase in field office overhead, as discussed above.

04 Permanent Access Roads and Parking:  The quantity has been reduced to 1445 SY from
33667 SY.  The esplanade reconstruction will not have to be done in this phase.

09 Buildings, Project Operations:  There were no changes to quantities or scope.  The
additional cost was due to the increase in field office overhead, as discussed above.

10 Earthwork for Structures:  There were no changes to quantities or scope. The additional
cost was due to the increase in field office overhead, as discussed above.

11 Foundation Work:  There were no changes to quantities or scope. The additional cost was
due to the increase in field office overhead, as discussed above.

57 Lock Gates and Operating Machinery:  There were no changes to quantities or scope.
The additional cost was due to the increase in field office overhead, as discussed above.

62 Approach Walls, Upper and Lower:  There were no changes to quantities or scope.  The
additional cost was due to the increase in field office overhead, as discussed above.
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63 Lock Structure:  There was a very small change in this element due to the addition of a
knockout panel at the upstream end of the culvert in the lock wall extension.  Mainly, the
additional cost was due to the increase in field office overhead, as discussed above.

64 Fill/Empty System:  This element includes construction of the laterals, outlet culvert
valve and operating machinery, and landside wall diffuser.  Direct costs of these
structures are unchanged from the Plan 3 estimate.  However, there was additional cost
due to the increase in field office overhead, as discussed above.  The wrap around culvert,
utilities relocations, intake structure, and inlet valve monolith are not required for Plan 2.

65 Piping System: There were no changes to quantities or scope.  The additional cost was
due to the increase in field office overhead, as discussed above.

66 Power and Lighting System:  There were no changes to quantities or scope.  The
additional cost was due to the increase in field office overhead, as discussed above.

Feature 1900: Buildings, Grounds, and Utilities

Element:

04 Construction Moorage Area and Service Roads:  There were no changes to quantities or
scope.  The additional cost was due to the increase in field office overhead, as discussed
above.

06 Day Use Area, next to Esplanade: Deleted, as there will be no removal and restoration
needed since the wrap around culvert is not constructed in Plan 2.

08 Operations Mooring Facility Relocation:  Deleted, since this will not be required in
Plan 2.

09 Miscellaneous Site Work:  Site grading and landscaping has a little reduction in scope
due to elimination of wrap around culvert and operations moorage facility construction in
Plan 2.  The cost is a little higher, nevertheless, due to the field office overhead increase
discussed above. The downstream approach channel improvements is the largest cost
item in the sub-element, and it remains unchanged.

21.3.2  Plan 2 Cost Estimate
The cost estimate summary for Plan 2 – Auxiliary Lock Extension with Modifications is

provided on the following pages.
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Eff. Date  10/01/99                                     PROJECT 600A2-:   600 Ft Lock Extension Plan 2 - Construction 
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                                                         ** PROJECT OWNER SUMMARY - Element (Rounded to 1000's) ** 
 
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------- 
                                                                                                            QUANTITY UOM    CONTRACT    CONTINGN  TOTAL COST    UNIT   NOTES 
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------- 
 
 
                                                             0500  LOCKS 
 
                                                             0500.01  Mob, Demob & Preparatory Work                        5,896,000   1,356,000   7,252,000 
                                                             0500.02  Drainage                                               153,000      37,000     190,000 
                                                             0500.03  Care and Diversion of Water                            293,000      59,000     352,000 
                                                             0500.04  Permanent Access Roads & Parking       1445.00 SY       31,000       5,000      37,000   25.48 
                                                             0500.09  Buildings, Project Operations          1584.00 SF      141,000      35,000     176,000  111.09 
                                                             0500.10  Earthwork for Structures                             7,363,000   1,767,000   9,130,000 
                                                             0500.11  Foundation Work                        6500.00 CY    1,992,000     398,000   2,390,000  367.72 
                                                             0500.57  Lock Gates & Operate Machine U/L                     5,036,000     755,000   5,791,000              57 
                                                             0500.62  Approach Walls, Upper and Lower                     31,458,000   6,292,000  37,749,000 
                                                             0500.63  Lock Structure                                      26,976,000   6,744,000  33,720,000 
                                                             0500.64  Filling and Emptying System                          6,562,000   1,444,000   8,006,000 
                                                             0500.65  Piping system                                          584,000     111,000     695,000 
                                                             0500.66  Power and Lighting System                            2,240,000     403,000   2,643,000 
                                                                                                                         ----------- ----------- ----------- 
                                                                TOTAL LOCKS                                               88,726,000  19,406,000 108,132,000 
 
 
                                                             1900  BUILDINGS, GROUNDS & UTILITIES 
 
                                                             1900.04  Construction Moorage & Svc Roads                     1,831,000     458,000   2,289,000 
                                                             1900.09  Misc Sitework                                        3,673,000     735,000   4,407,000 
                                                                                                                         ----------- ----------- ----------- 
                                                                TOTAL BUILDINGS, GROUNDS & UTILITIES                       5,504,000   1,192,000   6,696,000 
                                                                                                                         ----------- ----------- ----------- 
                                                                TOTAL 600 Ft Lock Extension Plan 2                        94,229,000  20,599,000 114,828,000 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
LABOR ID: OL1097    EQUIP ID: OL1097                                        Currency in DOLLARS                                          CREW ID: JM1099   UPB ID: NAT95A 
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---------------------------------------------------------------------------------------------------------------------------------------------------------------------------- 
                                                                                                            QUANTITY UOM    CONTRACT    CONTINGN  TOTAL COST    UNIT   NOTES 
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------- 
 
 
                                                             0500  LOCKS 
 
                                                             0500.01  Mob, Demob & Preparatory Work 
 
                                                             0500.01.01  Mobilization & Demob of Equipmnt                  1,011,000     232,000   1,243,000 
                                                             0500.01.02  Preparatory Work                      22.50 ACR   1,366,000     314,000   1,681,000   74696 
                                                             0500.01.03  Dry Dock                                          3,519,000     809,000   4,328,000 
                                                                                                                         ----------- ----------- ----------- 
                                                                   TOTAL Mob, Demob & Preparatory Work                     5,896,000   1,356,000   7,252,000 
 
 
                                                             0500.02  Drainage 
 
                                                             0500.02.01  Catch Basins                                         13,000       3,000      16,000 
                                                             0500.02.03  Drainage Pipe, Size 12"-18"         3980.00 LF      141,000      34,000     174,000   43.84 
                                                                                                                         ----------- ----------- ----------- 
                                                                   TOTAL Drainage                                            153,000      37,000     190,000 
 
 
                                                             0500.03  Care and Diversion of Water 
 
                                                             0500.03.05  Dewater Lock Chamber                   3.00 MO      293,000      59,000     352,000  117358 
                                                                                                                         ----------- ----------- ----------- 
                                                                   TOTAL Care and Diversion of Water                         293,000      59,000     352,000 
 
 
                                                             0500.04  Permanent Access Roads & Parking 
 
                                                             0500.04.03  Upgrade Existing Roads              1445.00 SY       31,000       5,000      37,000   25.48 
                                                                                                                         ----------- ----------- ----------- 
                                                                   TOTAL Permanent Access Roads & Parking    1445.00 SY       31,000       5,000      37,000   25.48 
 
 
                                                             0500.09  Buildings, Project Operations 
 
                                                             0500.09.02  Control Stations                    1584.00 SY      141,000      35,000     176,000  111.09 
                                                                                                                         ----------- ----------- ----------- 
                                                                   TOTAL Buildings, Project Operations       1584.00 SF      141,000      35,000     176,000  111.09 
 
 
                                                             0500.10  Earthwork for Structures 
 
                                                             0500.10.02  Common Excavation                     92195 CY      739,000     177,000     916,000    9.94 
                                                             0500.10.03  Rock Excavation                     3591.00 BCY      89,000      21,000     111,000   30.86 
                                                             0500.10.05  Backfill                             170950 CY      783,000     188,000     971,000    5.68 
                                                             0500.10.07  Demolition                          4870.00 CY      805,000     193,000     998,000  204.89 
                                                             0500.10.08  Dredging                             417644 CY    4,943,000   1,186,000   6,129,000   14.68 
                                                             0500.10.09  Stone Slope Protection               100.00 CY        4,000       1,000       4,000   44.97 
                                                                                                                         ----------- ----------- ----------- 
                                                                   TOTAL Earthwork for Structures                          7,363,000   1,767,000   9,130,000 
 
 
LABOR ID: OL1097    EQUIP ID: OL1097                                        Currency in DOLLARS                                          CREW ID: JM1099   UPB ID: NAT95A 
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---------------------------------------------------------------------------------------------------------------------------------------------------------------------------- 
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                                                             0500.11  Foundation Work 
 
                                                             0500.11.05  Site Work                           6500.00 CY    1,992,000     398,000   2,390,000  367.72 
                                                                                                                         ----------- ----------- ----------- 
                                                                   TOTAL Foundation Work                     6500.00 CY    1,992,000     398,000   2,390,000  367.72 
 
 
                                                             0500.12  Seepage Control 
 
                                                             0500.12.01  Drilling and Grouting 
                                                             0500.57  Lock Gates & Operate Machine U/L 
 
                                                             0500.57.01  Miter Gates & Embedded Metals        820000 LB    3,613,000     542,000   4,155,000    5.07 
                                                             0500.57.02  Embedded Metals, Maint Bulkhead      208000 LB      846,000     127,000     973,000    4.68 
                                                             0500.57.04  Miter Gate Operating Machinery         2.00 EA      355,000      53,000     408,000  204218 
                                                             0500.57.05  Existing Miter Gate Removal          656000 LB      222,000      33,000     255,000    0.39 
                                                                                                                         ----------- ----------- ----------- 
                                                                   TOTAL Lock Gates & Operate Machine U/L                  5,036,000     755,000   5,791,000              57 
 
 
                                                             0500.62  Approach Walls, Upper and Lower 
 
                                                             0500.62.34  JT Myers Nose Piers, Upper Walls       2.00 EA    5,449,000   1,090,000   6,539,000 3269633 
                                                             0500.62.35  JT Myers Nose Piers, Lower Walls       2.00 EA    6,604,000   1,321,000   7,925,000 3962657 
                                                             0500.62.36  Pylon, Stand Alone, U/S River          1.00 EA      627,000     125,000     753,000  752958 
                                                             0500.62.37  Pylon, Attached, DS Guide Walls        2.00 EA      529,000     106,000     635,000  317626 
                                                             0500.62.38  Pylon, Attached, US Middle Wall        1.00 EA       92,000      18,000     110,000  110268 
                                                             0500.62.40  Upper & Lower Float Guide Walls     2660.00 LF   18,155,000   3,631,000  21,786,000 8190.38 
                                                                                                                         ----------- ----------- ----------- 
                                                                   TOTAL Approach Walls, Upper and Lower                  31,458,000   6,292,000  37,749,000 
 
 
                                                             0500.63  Lock Structure 
 
                                                             0500.63.01  Concrete, Float-In, Stage I         6476.00 CY    3,162,000     790,000   3,952,000  610.28 
                                                             0500.63.04  Concrete, Precast, Stage 2 3 & 4    5567.00 CY    4,529,000   1,132,000   5,661,000 1016.91 
                                                             0500.63.05  Concrete, Mass, Stage 4               52731 CY    6,746,000   1,687,000   8,433,000  159.92 
                                                             0500.63.06  Concrete, CIP, Miter Gate Recess    2058.00 CY      556,000     139,000     694,000  337.42 
                                                             0500.63.07  Concrete, CIP, Wall Mono's L2-L5    2431.00 CY    2,605,000     651,000   3,256,000 1339.40 
                                                             0500.63.08  Reinforcing Steel                   1836.00 TON   3,452,000     863,000   4,315,000 2350.18 
                                                             0500.63.09  Anchor Existing Monolith Walls       106.00 EA    1,999,000     500,000   2,499,000   23573 
                                                             0500.63.10  Floating Mooring Bitt                 10.00 EA      646,000     161,000     807,000   80728 
                                                             0500.63.12  Steel Ladders                       1900.00 VLF     162,000      41,000     203,000  106.89 
                                                             0500.63.22  Line Hooks                                          169,000      42,000     211,000 
                                                             0500.63.23  Check Posts                                         169,000      42,000     211,000 
                                                             0500.63.24  Wall Armor                            80.00 TON     301,000      75,000     377,000 4708.22 
                                                             0500.63.40  Embedded Piping                                   1,372,000     343,000   1,715,000 
                                                             0500.63.70  Maintenance Bulkhead Sill           2900.00 CY      847,000     212,000   1,059,000  365.09 
                                                             0500.63.85  Metals                                85.00 TON     262,000      65,000     327,000 3846.51 
                                                                                                                         ----------- ----------- ----------- 
                                                                   TOTAL Lock Structure                                   26,976,000   6,744,000  33,720,000 
 
 
LABOR ID: OL1097    EQUIP ID: OL1097                                        Currency in DOLLARS                                          CREW ID: JM1099   UPB ID: NAT95A 
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                                                             0500.64  Filling and Emptying System 
 
                                                             0500.64.05  Backfill                             266670 CY      471,000     104,000     575,000    2.16 
                                                             0500.64.09  Laterals, in New Lock Chamber       2600.00 CY    1,208,000     266,000   1,473,000  566.68 
                                                             0500.64.11  Culvert Valve & Embedded Metals       44000 LB      226,000      50,000     276,000    6.28 
                                                             0500.64.12  Culvert Valve Operating Machin-        2.00 EA       82,000      18,000     100,000   50116 
                                                             0500.64.13  Culvert Valve Bulkheads and           68000 LB      312,000      69,000     381,000    5.60 
                                                             0500.64.15  Float-in Diffuser Monolith            12427 CY    4,134,000     910,000   5,044,000  405.89 
                                                             0500.64.90  Miscellaneous Mechanical Work                       128,000      28,000     156,000 
                                                                                                                         ----------- ----------- ----------- 
                                                                   TOTAL Filling and Emptying System                       6,562,000   1,444,000   8,006,000 
 
 
                                                             0500.65  Piping system 
 
                                                             0500.65.01  Hydraulic System                       2.00 EA      483,000      92,000     575,000  287406 
                                                             0500.65.02  Compressed Air Piping System                         50,000      10,000      60,000 
                                                             0500.65.03  Raw Water Piping System                              50,000      10,000      60,000 
                                                                                                                         ----------- ----------- ----------- 
                                                                   TOTAL Piping system                                       584,000     111,000     695,000 
 
 
                                                             0500.66  Power and Lighting System 
 
                                                             0500.66.01  Electrical Work                                     653,000     118,000     770,000 
                                                             0500.66.02  Control & Signal Systems                          1,587,000     286,000   1,873,000 
                                                                                                                         ----------- ----------- ----------- 
                                                                   TOTAL Power and Lighting System                         2,240,000     403,000   2,643,000 
                                                                                                                         ----------- ----------- ----------- 
                                                                   TOTAL LOCKS                                            88,726,000  19,406,000 108,132,000 
 
 
                                                             1900  BUILDINGS, GROUNDS & UTILITIES 
 
                                                             1900.04  Construction Moorage & Svc Roads 
 
                                                             1900.04.20  Temporary Construction Moorage                    1,831,000     458,000   2,289,000 
                                                                                                                         ----------- ----------- ----------- 
                                                                   TOTAL Construction Moorage & Svc Roads                  1,831,000     458,000   2,289,000 
 
 
                                                             1900.09  Misc Sitework 
 
                                                             1900.09.04  Downstream Channel Approach          318916 CY    3,094,000     619,000   3,712,000   11.64 
                                                             1900.09.10  Excavation and Grading               256000 SY      269,000      54,000     323,000    1.26 
                                                             1900.09.15  Landscaping                           53.03 ACR     310,000      62,000     372,000 7007.86 
                                                                                                                         ----------- ----------- ----------- 
                                                                   TOTAL Misc Sitework                                     3,673,000     735,000   4,407,000 
                                                                                                                         ----------- ----------- ----------- 
                                                                   TOTAL BUILDINGS, GROUNDS & UTILITIES                    5,504,000   1,192,000   6,696,000 
                                                                                                                         ----------- ----------- ----------- 
 
 
LABOR ID: OL1097    EQUIP ID: OL1097                                        Currency in DOLLARS                                          CREW ID: JM1099   UPB ID: NAT95A 
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                                                                   TOTAL 600 Ft Lock Extension Plan 2                     94,229,000  20,599,000 114,828,000 
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21.4  PLAN 3

21.4.1  Plan 3 Assumptions and Revisions
The current feasibility cost estimate is a continuing effort to refine previous submittals.  It

is a refinement of the construction approach and includes some changes in scope.  The discussion
and analysis here concern changes to the estimate and project since the Interim Submittal of
December 1999, which was based on the Alternative Formulation Briefing (AFB) pricing levels.
This estimate also contains the latest changes resulting from additional site information and
design refinements, completed subsequent to the original AFB submittal.  Plan 3 is the “Master
Plan”, since it contains the complete scope of work from previous submittals and is the
recommended lock expansion plan.

The strategy of using either the decommissioned lock at Gallipolis or submersible barges
for construction of float-in monoliths and the floating approach walls is unchanged.
Mobilization, demobilization, and preparation costs are estimated to be approximately $2.3
million in direct costs and approximately $3.3 million after markups and contingencies.  The
total for all float-in component project work at Gallipolis is approximately $32.6 million, after
contingencies.  Other costs for the float-in structures, such as grouting and ballast piping, have
not changed appreciably.

As in previous estimates, it is assumed that there are no contaminated or hazardous
materials on the site.  It is anticipated that the on-site excavated material will be used as backfill
for the entire project, with no significant quantities of imported borrow required.  The primary
components requiring backfill are the wrap around culvert and the float-in land wall monolith.

Changes since the December 1999 Interim submittal were made as a result of final
quality control checks and review decisions reached at the cost coordination meeting held at the
Louisville District Corps of Engineers office in Louisville, Kentucky on 19 and 20 January 2000.
This meeting was held in order to review and revise the Plan 3 estimate, incorporating
information from recently received bids for similar projects, addressing comments provided at
the meeting, and ensuring consistency between the Greenup L&D and Myers L&D estimates.
The following items were changed in the estimate:

•  General refinements from the AFB costs levels to the 100% Final Feasibility Costs
•  Increased lock structure direct costs for float-in base raft concrete
•  Decreased  wrap around culvert thrust block concrete quantities and associated cost
•  Decreased unit costs for the fill/empty system excavation and backfill
•  Decreased wrap around culvert shoring quantities and associated cost
•  Decreased foundation preparation, underbase grouting direct costs
•  Increased approach wall pontoon direct cost, including costs for straight run wall

armor
•  Decreased the inlet valve structure concrete quantities and associated cost
•  Increased the intake monolith concrete quantities and associated cost
•  Decreased total reinforcing and post-tensioning quantities and associated cost for

the float-in monoliths
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•  Decreased the landside wall diffuser concrete quantities and associated cost

Overall, the Plan 3 construction costs, including contingencies, have increased from
$131.9 to $139.2 million since the December 1999 Interim submittal.

The contingencies ranged from 15% to 25% and averaged approximately 20.8%.  They
were chosen by the design and cost engineers, based on the level of knowledge available for each
element.  The contingency for Element 63, Lock Structure, was reduced from 25% to 20%.  This
reduction was agreed upon at the January 2000 cost coordination meeting as a result of the
increased knowledge gained from recent price quotes and construction bids from local
contractors.  During final preparation of this report, these construction bids were received for
similar work in the Ohio River vicinity, including projects at Olmsted L&D and Braddock L&D.

The major work breakdown structure (WBS) elements that were revised significantly
from the previous estimate are discussed below.  Costs include contingencies, unless otherwise
noted.

Distributed Items:

Distributed items have been left unchanged from the December 1999 submittal.
However, they are no longer used for computing the field office overhead and distributing this
amount throughout the estimate.  At the January 1999 cost coordination meeting, it was decided
that the field office overhead rate should be increased to 9% of the direct costs.  These
distributed items remain in the electronic MCACES files but are not used in the determination of
the total construction cost.

Overhead and Profit:

Field Office overhead was increased from 5.3% (distributed) to 9%.

Home Office overhead was increased from 1% to 4%.

Profit was increased from 6% to 8.5%.

Bond requirements remained essentially the same.

The foregoing markups were for work done by the prime contractor.  For subcontractor
work, the prime’s mark ups were revised to total 5%.  These overhead and profit rates were
reviewed and finalized at the January 2000 cost coordination meeting.

 1997 labor and equipment rates were used to prepare the current estimate.  To bring the
price levels to an effective pricing date of 1 October 1999, MCACES global adjustment factors
of 5.2% for labor and 5% for equipment were used.

Marine Insurance:  This continues to be treated as in the previous December 1999
submittal.  Marine insurance is a labor burden on the trades that work over water.  Rates run
from 15% to 50%, depending on the contractor’s safety experience.  A 35% rate was used in this
estimate, increasing the burden for selected trades to 71% overall (up from 36%).
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Feature 0500: Locks

Element:

01 Mobilization and Preparatory Work:  The dry dock work was moved to a new line item,
Element 99, Associated General Items.

02 Drainage:  There were no changes to quantities or scope.  The increase is due to higher
overheads and profit being applied, as discussed above.

03 Care & Diversion of Water:  In the current estimate, dewatering of the lock chamber for
construction of the maintenance bulkhead sill and laterals, as well as
inspection/improvement of the underbase grouting, was included in this element.  All
other dewatering is for the wrap around culvert and is in Element 64, Fill/Empty System.
The increase is due to higher overheads and profit being applied, as discussed above.

04 Permanent Access Roads and Parking:  There were no changes to quantities or scope.
The increase is due to higher overheads and profit being applied, as discussed above.

09 Buildings, Project Operations:  There were no changes to quantities or scope.  The
increase is due to higher overheads and profit being applied, as discussed above.

10 Earthwork for Structures:  The cost for this element increased.  The increase was due to
design refinements, which led to more accurate quantity calculations.  Also, increases are
due to higher overheads and profit being applied, as discussed above.

11 Foundation Work:  There were no changes to quantities or scope.  The reduction was due
to increases in the productivity for underbase grouting, offset somewhat by higher
overheads and profit being applied, as discussed above.

57 Lock Gates and Operating Machinery:  There were no changes to quantities or scope.
The increase is due to higher overheads and profit being applied, as discussed above.

62 Approach Walls, Upper and Lower:  The cost for this element increased.  The increase
was due to including the cost of straight run wall armor and application of higher
overheads and profit, as discussed above.  The resulting costs were comparable to the
recent bids received for the Olmsted Approach Walls project.

63 Lock Structure:  There were no changes to quantities or scope.  The increase is due to
raising the direct unit costs of the Stage I base raft concrete by $340 per cubic yard.
Also, the increase is due to higher overheads and profit being applied, as discussed
above.

64 Fill-Empty System:  This element decreased by approximately $3.9 million due to:

•  Decreasing the wrap around culvert thrust block concrete quantity
•  Decreasing the shoring quantity



J.T.Myers & Greenup Locks Improvements−MYERS ENGINEERING APPX     Page Rev'd April 2000 Page 21-27

•  Decreasing the excavation and backfill direct costs
•  Decreasing the inlet valve structure concrete quantity
•  Increasing the intake monolith concrete quantity
•  Decreasing total reinforcing and post-tensioning quantities for the float-in

monoliths
•  Decreasing the landside wall diffuser concrete quantities

The foregoing changes were discussed and recommended at the January 2000 cost
coordination meeting.

65 Piping System:  There were no changes to quantities or scope.  The increase is due to
higher overheads and profit being applied, as discussed above.

66 Power and Lighting System:  There were no changes to quantities or scope.  The increase
is due to higher overheads and profit being applied, as discussed above.

99 Associated General Items:  This Element was added in order to have a work breakdown
structure that was more consistent with the one used for the Greenup L&D cost estimate.
It now includes:

Dry Dock work moved from Element 01, Mobilization and Preparatory Work

Temporary Construction Moorage, moved from Feature 1900, Buildings,
Grounds, and Utilities.

Feature 1900: Buildings, Grounds, and Utilities

Element:

04 Construction Moorage Area and Service Roads:  This has been moved to new Element
99, Associated General Items.  There are no costs now in this element.

06 Day Use Area, next to Esplanade:  There were no changes to quantities or scope.  The
reduction was due to changes in distributed items, as discussed above.

08 Relocate Operations Boat Mooring Facility:  The name of this element was changed.
There were no changes to quantities or scope.  The increase is due to higher overheads
and profit being applied, as discussed above.

09 Miscellaneous Site Work:  The quantity of dredging required for the improvement of the
downstream approach channel remained unchanged.  Productivity was refined and
slightly decreased, resulting in a slightly higher direct cost.  Also, the increase is due to
higher overheads and profit being applied, as discussed above.
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21.4.2  Plan 3 Cost Estimate
The cost estimate summary for Plan 3 – Auxiliary Lock Extension with Culverts is

provided on the following pages.
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21.5  PLAN 4 - PHASE 1 WORK

21.5.1  Plan 4 – Phase 1 Work, Assumptions
and Revisions

The current feasibility cost estimate is a continuing effort to refine previous submittals.  It
is a refinement of the construction approach and includes some changes in scope.  Plan 4 – Phase
1 includes construction of the 600' lock extension without the wrap around culvert.  The
fill/empty system laterals, outlet valve, and landside wall diffuser are constructed in this plan.
The discussion and analysis here concern changes to the estimate and project from Plan 3.  Plan
3 is the “Master Plan”, since it contains the complete scope of work that was in previous
submittals.

The strategy of using either the decommissioned lock at Gallipolis or submersible barges
for construction of float-in monoliths and the floating approach walls is unchanged.
Mobilization, demobilization and preparation costs are approximately the same as for Plan 3.
The duration of time that the contractor’s equipment and batch plant is needed at the site is the
same as in Plan 3.

Some quantity takeoffs from the Plan 3 estimate, especially site work, have been divided,
separating out work for the lock extension without the wrap around culvert.  The work associated
with the wrap around culvert construction was moved to the Plan 4 – Phase 2 estimate.

As in previous estimates, it is assumed that there are no contaminated or hazardous
materials on the site.  It is anticipated that the on-site excavated material will be used as backfill
for the entire project, with no significant quantities of imported borrow required.  The primary
components requiring backfill are the float-in land wall monolith and the float-in miter gate bay
monolith.

The following major changes from Plan 3, resulting from deletion of the wrap around
culvert, are:

•  The esplanade remains intact.
•  The upstream Operations Moorage Facility is not relocated.
•  The existing utilities between the service mound and the locks do not need to be

temporarily relocated.

The contingencies averaged approximately 22% and were assigned based on the level of
knowledge available for each element.

During the final preparation of this report, bids for similar work in the Ohio River
System, at Olmsted Lock and Dam and Braddock Lock and Dam, were opened. Bid prices for
several similar items of work in the current estimate were higher. As a result, analysis of the
costs and prices for these work items will continue, and it may result in higher estimated costs in
future submittals.
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The major work breakdown structure (WBS) elements that were revised significantly
from the Plan 3 estimate are discussed below. Costs include contingencies, unless otherwise
noted.

Distributed Items

Distributed items for the “LP” contractor at the Uniontown site and the “GP” contractor
at Gallipolis are the same as for Plan 3.  However, at the lock site, the direct costs of the lock
extension, without the wraparound culvert, is considerably smaller.  This results in a higher field
office overhead rate of  9.11%, up from 6.60% in Plan 3.  This is reflected in all of the WBS
elements.  Therefore, even those elements unchanged in scope or quantities by deletion of the
wrap around culvert show a higher contract amount in the respective summaries.

Helper tugs and marine insurance are unchanged from the Plan 3 estimate.

Feature 0500: Locks

Element:

01 Mobilization and Preparatory Work:  The site work has been reduced from 29 acres to 22
acres, due to elimination of the wrap around culvert excavation/fill and elimination of the
upstream mooring facility relocation, when compared with Plan 3.

02 Drainage:  There were no changes to quantities or scope.  The additional cost was due to
the effects of the increased field office overhead, as discussed above.

03 Care and Diversion of Water:  There were no changes to quantities or scope.  The
additional cost was due to the increase in field office overhead, as discussed above.

04 Permanent Access Roads and Parking:  The quantity has been reduced to 1445 SY from
33667 SY.  The esplanade reconstruction will not have to be done in this phase.

09 Buildings, Project Operations:  There were no changes to quantities or scope.  The
additional cost was due to the increase in field office overhead, as discussed above.

10 Earthwork for Structures:  There were no changes to quantities or scope. The additional
cost was due to the increase in field office overhead, as discussed above.

11 Foundation Work:  There were no changes to quantities or scope. The additional cost was
due to the increase in field office overhead, as discussed above.

57 Lock Gates and Operating Machinery:  There were no changes to quantities or scope.
The additional cost was due to the increase in field office overhead, as discussed above.

62 Approach Walls, Upper and Lower:  There were no changes to quantities or scope.  The
additional cost was due to the increase in field office overhead, as discussed above.
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63 Lock Structure:  There was a very small change in this element due to the addition of a
knockout panel at the upstream end of the culvert in the lock wall extension.  Mainly, the
additional cost was due to the increase in field office overhead, as discussed above.

64 Fill/Empty System:  This element includes construction of the laterals, outlet culvert
valve and operating machinery, and landside wall diffuser.  Direct costs of these
structures are unchanged from the Plan 3 estimate.  However, there was additional cost
due to the increase in field office overhead, as discussed above.  The wrap around culvert,
utilities relocations, intake structure, and inlet valve monolith are not required for Plan 2.

65 Piping System: There were no changes to quantities or scope.  The additional cost was
due to the increase in field office overhead, as discussed above.

66 Power and Lighting System:  There were no changes to quantities or scope.  The
additional cost was due to the increase in field office overhead, as discussed above.

Feature 1900: Buildings, Grounds, and Utilities

Element:

04 Construction Moorage Area and Service Roads:  There were no changes to quantities or
scope.  The additional cost was due to the increase in field office overhead, as discussed
above.

06 Day Use Area, next to Esplanade: Deleted, as there will be no removal and restoration
needed since the wrap around culvert is not constructed in Phase 1 of Plan 4.

08 Operations Mooring Facility Relocation:  Deleted, since this will not be required in Phase
1 of Plan 4.

09 Miscellaneous Site Work:  Site grading and landscaping has a little reduction in scope
since construction of wrap around culvert and relocation of the operations moorage
facility will not be required in Phase 1 of Plan 4.  The cost is a little higher, nevertheless,
due to the field office overhead increase discussed above. The downstream approach
channel improvement is the largest cost item in this program element, and it remains
unchanged.

21.5.2  Plan 4 – Phase 1 Work, Cost Estimate
The cost estimate summary for Plan 4 – Phased Construction, Phase 1 Work is provided

on the following pages.
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                                                                  Feasibility Report - PLAN 4 PHASE 1 Constr.                                              SUMMARY PAGE    1 
                                                         ** PROJECT OWNER SUMMARY - Element (Rounded to 1000's) ** 
 
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------- 
                                                                                                            QUANTITY UOM    CONTRACT    CONTINGN  TOTAL COST    UNIT   NOTES 
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------- 
 
 
                                                             0500  LOCKS 
 
                                                             0500.01  Mob, Demob & Preparatory Work                        5,896,000   1,356,000   7,252,000 
                                                             0500.02  Drainage                                               153,000      37,000     190,000 
                                                             0500.03  Care and Diversion of Water                            293,000      59,000     352,000 
                                                             0500.04  Permanent Access Roads & Parking       1445.00 SY       31,000       5,000      37,000   25.48 
                                                             0500.09  Buildings, Project Operations          1584.00 SF      141,000      35,000     176,000  111.09 
                                                             0500.10  Earthwork for Structures                             7,363,000   1,767,000   9,130,000 
                                                             0500.11  Foundation Work                        6500.00 CY    1,992,000     398,000   2,390,000  367.72 
                                                             0500.57  Lock Gates & Operate Machine U/L                     5,036,000     755,000   5,791,000              57 
                                                             0500.62  Approach Walls, Upper and Lower                     31,458,000   6,292,000  37,749,000 
                                                             0500.63  Lock Structure                                      26,976,000   6,744,000  33,720,000 
                                                             0500.64  Filling and Emptying System                          6,562,000   1,444,000   8,006,000 
                                                             0500.65  Piping system                                          584,000     111,000     695,000 
                                                             0500.66  Power and Lighting System                            2,240,000     403,000   2,643,000 
                                                                                                                         ----------- ----------- ----------- 
                                                                TOTAL LOCKS                                               88,726,000  19,406,000 108,132,000 
 
 
                                                             1900  BUILDINGS, GROUNDS & UTILITIES 
 
                                                             1900.04  Construction Moorage & Svc Roads                     1,831,000     458,000   2,289,000 
                                                             1900.09  Misc Sitework                                        3,673,000     735,000   4,407,000 
                                                                                                                         ----------- ----------- ----------- 
                                                                TOTAL BUILDINGS, GROUNDS & UTILITIES                       5,504,000   1,192,000   6,696,000 
                                                                                                                         ----------- ----------- ----------- 
                                                                TOTAL 600 Ft Lock Exten Plan 4 Phase 1                    94,229,000  20,599,000 114,828,000 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
LABOR ID: OL1097    EQUIP ID: OL1097                                        Currency in DOLLARS                                          CREW ID: JM1099   UPB ID: NAT95A 
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---------------------------------------------------------------------------------------------------------------------------------------------------------------------------- 
                                                                                                            QUANTITY UOM    CONTRACT    CONTINGN  TOTAL COST    UNIT   NOTES 
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------- 
 
 
                                                             0500  LOCKS 
 
                                                             0500.01  Mob, Demob & Preparatory Work 
 
                                                             0500.01.01  Mobilization & Demob of Equipmnt                  1,011,000     232,000   1,243,000 
                                                             0500.01.02  Preparatory Work                      22.50 ACR   1,366,000     314,000   1,681,000   74696 
                                                             0500.01.03  Dry Dock                                          3,519,000     809,000   4,328,000 
                                                                                                                         ----------- ----------- ----------- 
                                                                   TOTAL Mob, Demob & Preparatory Work                     5,896,000   1,356,000   7,252,000 
 
 
                                                             0500.02  Drainage 
 
                                                             0500.02.01  Catch Basins                                         13,000       3,000      16,000 
                                                             0500.02.03  Drainage Pipe, Size 12"-18"         3980.00 LF      141,000      34,000     174,000   43.84 
                                                                                                                         ----------- ----------- ----------- 
                                                                   TOTAL Drainage                                            153,000      37,000     190,000 
 
 
                                                             0500.03  Care and Diversion of Water 
 
                                                             0500.03.05  Dewater Lock Chamber                   3.00 MO      293,000      59,000     352,000  117358 
                                                                                                                         ----------- ----------- ----------- 
                                                                   TOTAL Care and Diversion of Water                         293,000      59,000     352,000 
 
 
                                                             0500.04  Permanent Access Roads & Parking 
 
                                                             0500.04.03  Upgrade Existing Roads              1445.00 SY       31,000       5,000      37,000   25.48 
                                                                                                                         ----------- ----------- ----------- 
                                                                   TOTAL Permanent Access Roads & Parking    1445.00 SY       31,000       5,000      37,000   25.48 
 
 
                                                             0500.09  Buildings, Project Operations 
 
                                                             0500.09.02  Control Stations                    1584.00 SY      141,000      35,000     176,000  111.09 
                                                                                                                         ----------- ----------- ----------- 
                                                                   TOTAL Buildings, Project Operations       1584.00 SF      141,000      35,000     176,000  111.09 
 
 
                                                             0500.10  Earthwork for Structures 
 
                                                             0500.10.02  Common Excavation                     92195 CY      739,000     177,000     916,000    9.94 
                                                             0500.10.03  Rock Excavation                     3591.00 BCY      89,000      21,000     111,000   30.86 
                                                             0500.10.05  Backfill                             170950 CY      783,000     188,000     971,000    5.68 
                                                             0500.10.07  Demolition                          4870.00 CY      805,000     193,000     998,000  204.89 
                                                             0500.10.08  Dredging                             417644 CY    4,943,000   1,186,000   6,129,000   14.68 
                                                             0500.10.09  Stone Slope Protection               100.00 CY        4,000       1,000       4,000   44.97 
                                                                                                                         ----------- ----------- ----------- 
                                                                   TOTAL Earthwork for Structures                          7,363,000   1,767,000   9,130,000 
 
 
LABOR ID: OL1097    EQUIP ID: OL1097                                        Currency in DOLLARS                                          CREW ID: JM1099   UPB ID: NAT95A 
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---------------------------------------------------------------------------------------------------------------------------------------------------------------------------- 
                                                                                                            QUANTITY UOM    CONTRACT    CONTINGN  TOTAL COST    UNIT   NOTES 
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                                                             0500.11  Foundation Work 
 
                                                             0500.11.05  Site Work                           6500.00 CY    1,992,000     398,000   2,390,000  367.72 
                                                                                                                         ----------- ----------- ----------- 
                                                                   TOTAL Foundation Work                     6500.00 CY    1,992,000     398,000   2,390,000  367.72 
 
 
                                                             0500.12  Seepage Control 
 
                                                             0500.12.01  Drilling and Grouting 
                                                             0500.57  Lock Gates & Operate Machine U/L 
 
                                                             0500.57.01  Miter Gates & Embedded Metals        820000 LB    3,613,000     542,000   4,155,000    5.07 
                                                             0500.57.02  Embedded Metals, Maint Bulkhead      208000 LB      846,000     127,000     973,000    4.68 
                                                             0500.57.04  Miter Gate Operating Machinery         2.00 EA      355,000      53,000     408,000  204218 
                                                             0500.57.05  Existing Miter Gate Removal          656000 LB      222,000      33,000     255,000    0.39 
                                                                                                                         ----------- ----------- ----------- 
                                                                   TOTAL Lock Gates & Operate Machine U/L                  5,036,000     755,000   5,791,000              57 
 
 
                                                             0500.62  Approach Walls, Upper and Lower 
 
                                                             0500.62.34  JT Myers Nose Piers, Upper Walls       2.00 EA    5,449,000   1,090,000   6,539,000 3269633 
                                                             0500.62.35  JT Myers Nose Piers, Lower Walls       2.00 EA    6,604,000   1,321,000   7,925,000 3962657 
                                                             0500.62.36  Pylon, Stand Alone, U/S River          1.00 EA      627,000     125,000     753,000  752958 
                                                             0500.62.37  Pylon, Attached, DS Guide Walls        2.00 EA      529,000     106,000     635,000  317626 
                                                             0500.62.38  Pylon, Attached, US Middle Wall        1.00 EA       92,000      18,000     110,000  110268 
                                                             0500.62.40  Upper & Lower Float Guide Walls     2660.00 LF   18,155,000   3,631,000  21,786,000 8190.38 
                                                                                                                         ----------- ----------- ----------- 
                                                                   TOTAL Approach Walls, Upper and Lower                  31,458,000   6,292,000  37,749,000 
 
 
                                                             0500.63  Lock Structure 
 
                                                             0500.63.01  Concrete, Float-In, Stage I         6476.00 CY    3,162,000     790,000   3,952,000  610.28 
                                                             0500.63.04  Concrete, Precast, Stage 2 3 & 4    5567.00 CY    4,529,000   1,132,000   5,661,000 1016.91 
                                                             0500.63.05  Concrete, Mass, Stage 4               52731 CY    6,746,000   1,687,000   8,433,000  159.92 
                                                             0500.63.06  Concrete, CIP, Miter Gate Recess    2058.00 CY      556,000     139,000     694,000  337.42 
                                                             0500.63.07  Concrete, CIP, Wall Mono's L2-L5    2431.00 CY    2,605,000     651,000   3,256,000 1339.40 
                                                             0500.63.08  Reinforcing Steel                   1836.00 TON   3,452,000     863,000   4,315,000 2350.18 
                                                             0500.63.09  Anchor Existing Monolith Walls       106.00 EA    1,999,000     500,000   2,499,000   23573 
                                                             0500.63.10  Floating Mooring Bitt                 10.00 EA      646,000     161,000     807,000   80728 
                                                             0500.63.12  Steel Ladders                       1900.00 VLF     162,000      41,000     203,000  106.89 
                                                             0500.63.22  Line Hooks                                          169,000      42,000     211,000 
                                                             0500.63.23  Check Posts                                         169,000      42,000     211,000 
                                                             0500.63.24  Wall Armor                            80.00 TON     301,000      75,000     377,000 4708.22 
                                                             0500.63.40  Embedded Piping                                   1,372,000     343,000   1,715,000 
                                                             0500.63.70  Maintenance Bulkhead Sill           2900.00 CY      847,000     212,000   1,059,000  365.09 
                                                             0500.63.85  Metals                                85.00 TON     262,000      65,000     327,000 3846.51 
                                                                                                                         ----------- ----------- ----------- 
                                                                   TOTAL Lock Structure                                   26,976,000   6,744,000  33,720,000 
 
 
LABOR ID: OL1097    EQUIP ID: OL1097                                        Currency in DOLLARS                                          CREW ID: JM1099   UPB ID: NAT95A 
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---------------------------------------------------------------------------------------------------------------------------------------------------------------------------- 
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                                                             0500.64  Filling and Emptying System 
 
                                                             0500.64.05  Backfill                             266670 CY      471,000     104,000     575,000    2.16 
                                                             0500.64.09  Laterals, in New Lock Chamber       2600.00 CY    1,208,000     266,000   1,473,000  566.68 
                                                             0500.64.11  Culvert Valve & Embedded Metals       44000 LB      226,000      50,000     276,000    6.28 
                                                             0500.64.12  Culvert Valve Operating Machin-        2.00 EA       82,000      18,000     100,000   50116 
                                                             0500.64.13  Culvert Valve Bulkheads and           68000 LB      312,000      69,000     381,000    5.60 
                                                             0500.64.15  Float-in Diffuser Monolith            12427 CY    4,134,000     910,000   5,044,000  405.89 
                                                             0500.64.90  Miscellaneous Mechanical Work                       128,000      28,000     156,000 
                                                                                                                         ----------- ----------- ----------- 
                                                                   TOTAL Filling and Emptying System                       6,562,000   1,444,000   8,006,000 
 
 
                                                             0500.65  Piping system 
 
                                                             0500.65.01  Hydraulic System                       2.00 EA      483,000      92,000     575,000  287406 
                                                             0500.65.02  Compressed Air Piping System                         50,000      10,000      60,000 
                                                             0500.65.03  Raw Water Piping System                              50,000      10,000      60,000 
                                                                                                                         ----------- ----------- ----------- 
                                                                   TOTAL Piping system                                       584,000     111,000     695,000 
 
 
                                                             0500.66  Power and Lighting System 
 
                                                             0500.66.01  Electrical Work                                     653,000     118,000     770,000 
                                                             0500.66.02  Control & Signal Systems                          1,587,000     286,000   1,873,000 
                                                                                                                         ----------- ----------- ----------- 
                                                                   TOTAL Power and Lighting System                         2,240,000     403,000   2,643,000 
                                                                                                                         ----------- ----------- ----------- 
                                                                   TOTAL LOCKS                                            88,726,000  19,406,000 108,132,000 
 
 
                                                             1900  BUILDINGS, GROUNDS & UTILITIES 
 
                                                             1900.04  Construction Moorage & Svc Roads 
 
                                                             1900.04.20  Temporary Construction Moorage                    1,831,000     458,000   2,289,000 
                                                                                                                         ----------- ----------- ----------- 
                                                                   TOTAL Construction Moorage & Svc Roads                  1,831,000     458,000   2,289,000 
 
 
                                                             1900.09  Misc Sitework 
 
                                                             1900.09.04  Downstream Channel Approach          318916 CY    3,094,000     619,000   3,712,000   11.64 
                                                             1900.09.10  Excavation and Grading               256000 SY      269,000      54,000     323,000    1.26 
                                                             1900.09.15  Landscaping                           53.03 ACR     310,000      62,000     372,000 7007.86 
                                                                                                                         ----------- ----------- ----------- 
                                                                   TOTAL Misc Sitework                                     3,673,000     735,000   4,407,000 
                                                                                                                         ----------- ----------- ----------- 
                                                                   TOTAL BUILDINGS, GROUNDS & UTILITIES                    5,504,000   1,192,000   6,696,000 
                                                                                                                         ----------- ----------- ----------- 
 
 
LABOR ID: OL1097    EQUIP ID: OL1097                                        Currency in DOLLARS                                          CREW ID: JM1099   UPB ID: NAT95A 
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                                                                   TOTAL 600 Ft Lock Exten Plan 4 Phase 1                 94,229,000  20,599,000 114,828,000 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
LABOR ID: OL1097    EQUIP ID: OL1097                                        Currency in DOLLARS                                          CREW ID: JM1099   UPB ID: NAT95A 
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21.6  PLAN 4 - PHASE 2 WORK

21.6.1  Plan 4 – Phase 2 Work, Assumptions
and Revisions

The current feasibility cost estimate is a continuing effort to refine previous submittals.  It
is a refinement of the construction approach and includes some changes in scope.  Plan 4 – Phase
2 includes construction of the wrap around culvert and relocation of the existing upstream
mooring facility.  It assumes that Plan 4 – Phase 1 was constructed at an earlier date, and lock
improvements to provide a fast fill system are desired at a later date.  The discussion and analysis
here concern changes to the estimate and project from Plan 3.  Plan 3 is the “Master Plan”, since
it contains the complete scope of work that was in previous submittals.

Mobilization, demobilization and preparation costs are incurred again, since the
assumption is that Phase 2 construction will commence some time after Phase 1 construction is
complete, and the extended lock is in operation.  These costs are lower, however, as less
mobilization/demobilization is needed for this phase.  The duration of time that the contractor’s
equipment and batch plant is needed at the site is reduced from Plan 3.

Some quantity takeoffs from the Plan 3 estimate, especially site work, have been divided,
separating out work for the wrap around culvert without the lock extension.  The work associated
with the lock extension construction was included in the Plan 4 – Phase 1 estimate.

As in previous estimates, it is assumed that there are no contaminated or hazardous
materials on the site.  It is anticipated that the on-site excavated material will be used as backfill
for the entire project, with no significant quantities of imported borrow required.  The primary
components requiring backfill are the wrap around culvert and inlet valve monolith.

The contingencies averaged approximately 22% and were assigned based on the level of
knowledge available for each element.

During the final preparation of this report, bids for similar work in the Ohio River
System, at Olmsted Lock and Dam and Braddock Lock and Dam, were opened. Bid prices for
several similar items of work in the current estimate were higher. As a result, analysis of the
costs and prices for these work items will continue, and it may result in higher estimated costs in
future submittals.

The major work breakdown structure (WBS) elements that were revised significantly
from the Plan 3 estimate are discussed below. Costs include contingencies, unless otherwise
noted.
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Distributed Items

Distributed items from the “GP” contractor at Gallipolis are deleted as there are no
float-in structures required for Phase 2 construction.  Distributed items for the “LP” contractor at
the Uniontown site are reduced nominally from 24 months to 18 months This results in a field
office overhead rate of 8.81%, which is higher than the Plan 3 rate of 6.60% but a little lower
than the Phase 1 rate of 9.11%.  This is reflected in all of the WBS elements.

Helper tug requirements were reduced from approximately 600 days in the Plan 3
estimate to approximately 50 days in the Plan 4 – Phase 2 estimate.

Feature 0500: Locks

Element:

01 Mobilization and Preparatory Work:  The site work has been reduced to approximately
19 acres in Plan 4 – Phase 2, due to elimination of the downstream channel improvements
from this construction phase, when compared with Plan 3.  Also, there are no graving
dock preparation costs, as discussed above.

02 Drainage:  Deleted; no work in this phase.

03 Care and Diversion of Water:  Need to dewater the area near the wrap around culvert
connection for removal of the knockout panel.

09 Buildings, Project Operations:  Deleted; no work this phase.

10 Earthwork for Structures:  Deleted; no work this phase.  Excavation for the F/E system is
included in Element 64.

11 Foundation Work:  Deleted; no work this phase.

57 Lock Gates and Operating Machinery:  Deleted; no work this phase.

62 Approach Walls, Upper and Lower:  Deleted; no work this phase.

63 Lock Structure:  Deleted; no work this phase.  Knockout panel removal is included in
Element 64.

64 Fill/Empty System:  The laterals, lock wall culvert, and landside wall diffuser outlet were
constructed in Phase 1 of Plan 4.  The wrap around culvert, thrust block, and inlet valve
monolith are constructed in Phase 2.  This reduction in scope lowered the cost of this
element.

66 Power and Lighting System:  Deleted; no work this phase.
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Feature 1900: Buildings, Grounds, and Utilities

Element:

04 Construction Moorage Area and Service Roads: Deleted; no work this phase.

08 Operations Mooring Facility Relocation:  Required in Phase 2 of Plan 4 due to
construction of the intake monolith and wrap around culvert.

09 Miscellaneous Site Work:  Site grading and landscaping has a substantial reduction in
scope, when compared with Plan 3, as downstream channel improvements and temporary
construction moorage area are not required in this phase. The little remaining work was
moved into Element 64, Fill/Empty System, and 1900.08, Operations Mooring Facility
Relocation, as part of the earthwork directly relating to these program elements.

21.6.2  Plan 4 – Phase 2 Work, Cost Estimate
The cost estimate summary for Plan 4 – Phased Construction, Phase 2 Work is provided

on the following pages.



 
 
Tue 09 Nov 1999                                                         Constructioneering, Inc.                                                           TIME 15:14:57 
Eff. Date  10/01/99                                   PROJECT 600A4B:   600 Ft Lock Exten Plan 4 Phase 2 - Construction 
                                                                  Feasibility Report - PLAN 4 PHASE 2 Constr.                                              SUMMARY PAGE    1 
                                                         ** PROJECT OWNER SUMMARY - Element (Rounded to 1000's) ** 
 
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------- 
                                                                                                            QUANTITY UOM    CONTRACT    CONTINGN  TOTAL COST    UNIT   NOTES 
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------- 
 
 
                                                             0500  LOCKS 
 
                                                             0500.01  Mob, Demob & Preparatory Work                        1,713,000     394,000   2,106,000 
                                                             0500.03  Care and Diversion of Water                            209,000      42,000     251,000 
                                                             0500.64  Filling and Emptying System                         15,583,000   3,428,000  19,011,000 
                                                                                                                         ----------- ----------- ----------- 
                                                                TOTAL LOCKS                                               17,504,000   3,864,000  21,368,000 
 
 
                                                             1900  BUILDINGS, GROUNDS & UTILITIES 
 
                                                             1900.08  Mooring Facility Relocation                          2,124,000     531,000   2,655,000 
                                                                                                                         ----------- ----------- ----------- 
                                                                TOTAL BUILDINGS, GROUNDS & UTILITIES                       2,124,000     531,000   2,655,000 
                                                                                                                         ----------- ----------- ----------- 
                                                                TOTAL 600 Ft Lock Exten Plan 4 Phase 2                    19,628,000   4,395,000  24,023,000 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
LABOR ID: OL1097    EQUIP ID: OL1097                                        Currency in DOLLARS                                          CREW ID: JM1099   UPB ID: NAT95A 



 
 
Tue 09 Nov 1999                                                         Constructioneering, Inc.                                                           TIME 15:14:57 
Eff. Date  10/01/99                                   PROJECT 600A4B:   600 Ft Lock Exten Plan 4 Phase 2 - Construction 
                                                                  Feasibility Report - PLAN 4 PHASE 2 Constr.                                              SUMMARY PAGE    2 
                                                         ** PROJECT OWNER SUMMARY - SubElemt (Rounded to 1000's) ** 
 
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------- 
                                                                                                            QUANTITY UOM    CONTRACT    CONTINGN  TOTAL COST    UNIT   NOTES 
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------- 
 
 
                                                             0500  LOCKS 
 
                                                             0500.01  Mob, Demob & Preparatory Work 
 
                                                             0500.01.01  Mobilization & Demob of Equipmnt                    711,000     164,000     875,000 
                                                             0500.01.02  Preparatory Work                     143000 SY    1,001,000     230,000   1,232,000    8.61 
                                                                                                                         ----------- ----------- ----------- 
                                                                   TOTAL Mob, Demob & Preparatory Work                     1,713,000     394,000   2,106,000 
 
 
                                                             0500.03  Care and Diversion of Water 
 
                                                             0500.03.05  Dewater Lock Chamber                   3.00 MO      209,000      42,000     251,000   83511 
                                                                                                                         ----------- ----------- ----------- 
                                                                   TOTAL Care and Diversion of Water                         209,000      42,000     251,000 
 
 
                                                             0500.64  Filling and Emptying System 
 
                                                             0500.64.01  Shoring, Type 27                    3011.00 TON   4,225,000     929,000   5,154,000 1711.78 
                                                             0500.64.02  Unwatering                                          654,000     144,000     798,000 
                                                             0500.64.03  Excavation, Common, Wet & Dry        303106 CY    1,774,000     390,000   2,164,000    7.14 
                                                             0500.64.04  Excavation, Rock, Wet & Dry         9848.00 CY      393,000      87,000     480,000   48.73 
                                                             0500.64.05  Backfill                             266670 CY    1,366,000     300,000   1,666,000    6.25 
                                                             0500.64.06  Screens & Nose Plates at Intake        1.00 EA      155,000      34,000     189,000  189092 
                                                             0500.64.07  Concrete, C.I.P. Intake Monolith    4000.00 CY      808,000     178,000     986,000  246.57 
                                                             0500.64.08  Concrete, Thrust Block              3500.00 CY      757,000     167,000     924,000  264.03 
                                                             0500.64.09  Concrete Culvert, 16.5 Ft dia       6830.00 CY    2,440,000     537,000   2,977,000  435.82 
                                                             0500.64.10  Ice & Debris Boom                    230.00 LF      199,000      44,000     243,000 1054.81 
                                                             0500.64.11  Culvert Valve & Embedded Metals       44000 LB      159,000      35,000     194,000    4.41 
                                                             0500.64.12  Culvert Valve Operating Machin-        1.00 EA       58,000      13,000      70,000   70234 
                                                             0500.64.16  Valve Structure                     6500.00 CY    1,465,000     322,000   1,787,000  274.94 
                                                             0500.64.22  Drilled Shaft Wing Wall              340.00 LF    1,130,000     249,000   1,379,000 4054.77 
                                                                                                                         ----------- ----------- ----------- 
                                                                   TOTAL Filling and Emptying System                      15,583,000   3,428,000  19,011,000 
                                                                                                                         ----------- ----------- ----------- 
                                                                   TOTAL LOCKS                                            17,504,000   3,864,000  21,368,000 
 
 
                                                             1900  BUILDINGS, GROUNDS & UTILITIES 
 
                                                             1900.08  Mooring Facility Relocation 
 
                                                             1900.08.05  Remove Existing Boat Ramp                             2,000           0       2,000 
                                                             1900.08.10  Remove Wharf Turn Around Area                         4,000       1,000       5,000 
                                                             1900.08.15  Remove Boat Ramp Electrical                           5,000       1,000       7,000 
                                                             1900.08.20  Construct New Boat Moorage                        2,112,000     528,000   2,640,000 
                                                                                                                         ----------- ----------- ----------- 
                                                                   TOTAL Mooring Facility Relocation                       2,124,000     531,000   2,655,000 
                                                                                                                         ----------- ----------- ----------- 
 
 
LABOR ID: OL1097    EQUIP ID: OL1097                                        Currency in DOLLARS                                          CREW ID: JM1099   UPB ID: NAT95A 



 
 
Tue 09 Nov 1999                                                         Constructioneering, Inc.                                                           TIME 15:14:57 
Eff. Date  10/01/99                                   PROJECT 600A4B:   600 Ft Lock Exten Plan 4 Phase 2 - Construction 
                                                                  Feasibility Report - PLAN 4 PHASE 2 Constr.                                              SUMMARY PAGE    3 
                                                         ** PROJECT OWNER SUMMARY - SubElemt (Rounded to 1000's) ** 
 
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------- 
                                                                                                            QUANTITY UOM    CONTRACT    CONTINGN  TOTAL COST    UNIT   NOTES 
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------- 
 
                                                                   TOTAL BUILDINGS, GROUNDS & UTILITIES                    2,124,000     531,000   2,655,000 
                                                                                                                         ----------- ----------- ----------- 
                                                                   TOTAL 600 Ft Lock Exten Plan 4 Phase 2                 19,628,000   4,395,000  24,023,000 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
LABOR ID: OL1097    EQUIP ID: OL1097                                        Currency in DOLLARS                                          CREW ID: JM1099   UPB ID: NAT95A 
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21.7  COST COMPARISON

21.7.1  Comparison Between Plan 3 and
Plan 4 Cost Estimates

The Plan 3 cost estimate has been reviewed and revised, incorporating information from
recently received bids for similar projects.  However, since the other plans were screened out
from further consideration, their cost estimates were not revised.  Therefore, while the Plan 1, 2,
and 4 cost estimates may be compared with each other, it is not appropriate to compare them
with Plan 3.

However, in general terms, it is anticipated that the two-phase construction of Plan 4
would be approximately 5% higher in cost than the Plan 3 construction.  The major reasons for
this cost difference include the following:

•  Duplication of mobilization, demobilization, and preparation costs.
•  Duplication of haul road construction and project access road restoration.
•  Higher field office overhead rates, as discussed in previous subsections.
•  Duplication of excavation required landside of monoliths L-2 to L-5.
•  Helper tug required for approximately 50 additional days.

 For the duplication of excavation, excavation is needed in Phase 1 to construct new
landside heels in order to stabilize monoliths L-2 to L-5 when they form a portion of the
extended chamber.  In Phase 2, excavation is needed to construct the wrap around culvert thrust
block and connection to the lock wall culvert.)  Both excavations will require some shoring.  In
addition, there will be some limited duplication of dewatering requirements.  An alternative to
this approach would stabilize these monoliths using rock anchors.  However, the cost of rock
anchor stabilization is also substantial.  Therefore, it is unlikely that significant cost savings
would be realized.
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SECTION 22 

DESIGN AND CONSTRUCTION 
SCHEDULES 

 
 
 
 

22.1  DESIGN SCHEDULE 
   

22.1.1  Plan 3 Design Schedule 
 

The design schedule for Plan 3 is provided on the following pages.  
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22.2  CONSTRUCTION SCHEDULE 
 
 The following assumptions were made in preparing the Plan 3 construction schedule:  
 

1. While lock is open:  two 10-hour shifts (20-hour work days) per day and 6 day 
work weeks 

 
2. While lock is closed:  two 10-hour shifts per day (20-hour work days) and 7 day 

work weeks 
 
3. Effective production rates for 20 hour work days (on-site construction): 

1500 c.y./day for dredging 
700 c.y./day for shale excavation  
300 c.y./day for limestone excavation  
1500 c.y./day for backfill  
300 c.y./day for concrete demolition 
60 to 80 c.y./day for CIP structural concrete placement 
1600 c.y./day for tremie concrete placement (large quantities)  
800 c.y./day for tremie concrete placement (small quantities)  
1600 c.y./day for mass concrete placement 
300 to 500 c.y./day for underbase grout and perimeter concrete placement  
 

Effective production rates for 8 hour work days (off-site construction): 
40 to 60 c.y./day for precast concrete structures 

 
4. Durations for limestone excavation and con crete demolition assume low level 

blasting will be allowed.  
 
5. The 600’ lock will be shut down during shaft construction of the middle approach 

walls. 
 
6. The 1200’ lock will remain open during most of the construction of the riverside 

approach wall and middle approach walls by working from the riverside and 
600' lockside, respectively. If a crane is used, its boom will extend over the 
navigation channel.  However, the boom will be approximately 50 to 100 feet 
above ground level and can quickly swing away from t he channel while 
barges pass through the lock.  While the shaft concrete is curing, it is partially 
protected by an oversized steel casing with sand between this casing and the 
concrete.  However, a helper tug would be required to guide the tows through 
the lock during the drilled shaft construction to ensure controlled navigation 
of the lock and protect the integrity of the concrete shaft. 

 
7. The 600’ lock will remain open during most of the construction of the lower 

landside approach wall by working from th e landside and using similar 
methods to those listed in item 6 above 

 
8. Helper tug services have been assumed to be required during many phases of the 

construction in order to assure smooth operation of the locks.  In general, the 
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criteria used to determine the necessity of the helper tug was as follows: 
 

• When construction activity is in or is very close to the navigation 
channel.  

 
• When structural elements would be damaged by scraping or minor 

impacts from the tows. 
 
 Earlier versions of these construction sc hedules were discussed with the following 
contractors who reviewed them and provided feedback: 
 

• Al  Johnson Construction Co. (for gate bay & concrete production rates) 
 
• DBM Contractors, Inc. (for drilled shafts and construction methods)  
 
• Malcolm Drilling C o., Inc. (for drilled shafts and rock excavation)  
 
• American Divers (for underwater work)  
 
• Fletcher General Construction (for complete schedule)  
 
• Manson Construction & Engineering Company (for complete schedule)  

 
 All of the above contractors reviewed their areas of expertise and agreed that the 
construction schedules presented were feasible.  They commented that one continuous closure of 
the 600’ lock was much more desirable than a 12 hour closed/12 hour open schedule.  A 12 hour 
closed/12 hour open scheme would greatly lengthen the total construction time required because 
most construction steps would become critical path items (in order to reopen the lock), and 
continual mobilization and demobilization would waste a lot of otherwise productive hours.  
Because of this feedback, a longer continuous closure was chosen over a short-term open/short-
term closed schedule. 
 
 Table 22.2A, which follows the construction schedules, summarizes the existing lock 
closures required during construction of the 600’ lock ext ension, Plan 3.  In addition, a total of 
approximately 630 days of helper tug assistance are anticipated to be required.  
 

22.2.1  Plan 3 –Construction Schedule 
 

The construction schedule for Plan 3 construction is provided on the following pages.  
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 Table 22.2A, shown below, summarizes the existing lock closures and helper tug 
assistance required during construction of the 600’ lock extension, Plan 3.  

 
 

TABLE 22.2A
600' LOCK EXTENSION 

CONSTRUCTION PERIODS AND LOCK CLOSURES

Plan 3 Construction

Construction Period 
(Months)

25 On-site 
31 Total

Total 
Closure 
(Days) 

(Note 1)
Duration 
(Days)

Tasks in Closure 
(From Schedule) Task Description

Full Closure of 315 12 69-71 Dredge Construction Mooring Area
600 Foot Lock Only Float-in Landwall Monolith

24 73-75 Dredge Set-down Area From Lockside
61 77-79 Rock Excavation

149-151 Demolish Existing Monolith L-1
20 155-157 Float-in Landwall Monolith

159-162 Move to Set-down site
10 171-174, 176-180 Float-in Gatebay Monolith

113 182-189, 196-204 Dewater Lock and Install Miter Gate
206-210 Construct Fill/Empty Laterals and

Maintenance Bulkhead Sill In-the-Dry
213-217 Float-in Landside Wall Diffuser Monolith
258-267 Lower Middle Floating Approach Wall

31 269-272, 274-276 Lower Landside Floating Approach Wall
44 288-298, 303-303 Upper Middle Floating Approach Wall

Full Closure of 4 Upper Riverside Floating Approach Wall:
1200 Foot Lock Only 3 280-282    Complete Nose Cells & Pylon

1 284-286    Install Foating Guard Wall

Simultaneous Closure 12* 4 175-178 Float-in Gatebay: 
of 600 Foot and    Move Gatebay to Final Location
1200 Foot Locks    Inject Underbase Grout on 1200' Lock Side

Lower Middle Floating Approach Wall:
3 261-263    Complete Nose Cells & Pylons
1 264-266    Install Floating Approach Wall

Upper Middle Floating Approach Wall:
3 292-294    Complete Nose Cells & Pylon
1 296-299    Install Floating Approach Wall

Notes:
*1. There are one 4-day, two 3-day, and two 1-day simultaneous closures of 
      both locks required for Plan 3 Construction.

 2.  In addition, 627 days of helper tug assistance will be required for Plan 3 Construction.



 
J.T. Myers & Greenup Locks Improvements −  MYERS ENGINEERING APPENDIX Page 22-22 

22.3  SCHEDULE OF APPROPRIATIONS 
 

 The anticipated funding stream for Plan 3 was developed, based on the design and 
construction schedules included in this section.  This funding stream is shown in Table 22.3A on 
the following page. 



Total Funds
Source Category (x $1,000) FY 00 FY 01 FY 02 FY 03 FY 04 FY 05 FY 06 FY 07 FY 08

05 Locks
06 Fish & Wildlife Mitigation

PED Funded 19 Buildings, Grounds, and Utilities
30 Planning and Engineering Design $16,200 1,000 3,800 3,800 3,800 3,800
31 Construction Management 0 0 0 0 0 0

01 Real Estate $50 50 0 0 0
05 Locks $130,908 0 22,908 80,000 28,000
06 Fish & Wildlife Mitigation $4,600 4,600 0 0 0

CG Funded 19 Buildings, Grounds, and Utilities $8,312 0 6,400 1,600 312
30 Planning and Engineering Design $3,600 1,500 500 1,000 600
31 Construction Management $9,500 0 2,200 5,500 1,800

Total Funds $173,170 $1,000 $3,800 $3,800 $3,800 $3,800 $6,150 $32,008 $88,100 $30,712
Construction General $86,585 $1,000 $3,800 $3,800 $3,800 $3,800 $0 $10,979 $44,050 $15,356
Inland Waterways Trust Fund $86,585 $0 $0 $0 $0 $0 $6,150 $21,029 $44,050 $15,356

Notes:

 
2.  All funds are in 1999 Dollars.

     and significantly more funds may be required in FY 06.

Funding Per Fiscal Year (All Costs Multiplied Times $1,000)

TABLE 22.3A
J. T. Myers Auxiliary Lock Extension

Plan 3 Funding Stream

1.  If aggregate sites, concrete mixes, etc. are preapproved, then the construction schedule may be reduced by approximately 6 months, 

Page R
ev'd April 2000
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SECTION 23 

SPECIAL STUDIES 
 

 
 
 

23.1  WES MODEL STUDIES 
 

It is recommended that the following models be constructed and tested at the Waterways 
Experiment Station (WES) in Vicksburg, Mississippi.  
 
 

23.1.1  Fill/Empty System Model 
 

The current fill/empty system design is based on nume rical analyses, using the computer 
programs TFSIM and LOCKSIM.  However, in order to evaluate the proposed and alternate 
designs of the filling and emptying system, physical modeling should be conducted for the J. T. 
Myers site.  The fill/empty system mode l will help optimize the design of the intake and outlet 
structures.  Additionally, the model will yield insight into hawser forces along the lock and 
approach structures during filling and emptying operations.  It is anticipated that physical 
modeling wil l be completed during future design phases, as early as possible in the design 
process.  Construction of preliminary models has started.  

 
The anticipated duration of the physical modeling is approximately 24 months, spread out 

over a three year period.  The total anticipated budget for this effort is approximately $325,000.  
 
 

23.1.2  Navigation Model 
 

Due to the nature of both the project and site location, a site-specific navigation model for 
J. T.  Myers L&D is recommended in order to optimize the followi ng design elements:  

 
• Locations of approach walls  
• Lengths of approach walls  
• Length and width of downstream bank excavation  

 
The physical model should incorporate an appropriate length (currently estimated to be 
approximately 2 miles upstream and 2 miles do wnstream of the dam axis) of the river in the 
vicinity of the project site.  It should also assist in determining the appropriate design forces for 
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the approach walls (See Section 23.1.3.).  This effort should be started early in the next design 
phase of the project. 

 
The anticipated duration of the navigation model construction and testing is 

approximately 30 months.  The total anticipated budget for this effort is approximately $905,000.  
 
 

23.1.3  Impact Loads 
 

Impact loads are an integral component of th e design of the approach walls.  The impact 
loads determine the thickness and weight of the impact wall.  The weight of the impact wall then 
directly influences the width and draft of the pontoon cross section and, consequently, the cost of 
the wall. 
 

At this point, the impact loads have been based on impact loads determined for the 
Olmsted approach walls.  In order to refine these impact loads and the consequent pontoon 
designs, it is recommended that additional studies be conducted.  These studies can inc lude video 
monitoring of existing lock traffic and/or scale model testing of radio controlled model 
approaches to the new lock configuration at the Waterways Experiment Station at Vicksburg, 
Mississippi.  The test program could be modeled after the testing  program conducted for the 
Olmsted approach walls.  This program included both controlled and uncontrolled approaches by 
three different operators under four different flow conditions.  This testing program budget and 
duration is included in the amounts pr ovided for the navigation model.  
 

Full scale impact load testing has also been completed at Robert C. Byrd Locks.  The 
results of this testing should also be incorporated into the final impact load determination and 
refinement.  
 
 

23.2  NONLINEAR INCREMENTAL 
STRUCTURAL ANALYSES (NISA) 

 
Preliminary concrete mix design and thermal analysis evaluations were completed for 

this feasibility study and were documented in Section 9.8.  It was found that, if the initial 
concrete temperature is lowered to approximately 50° F or lower (by replacing a portion of the 
cement with pozzolan and precooling the aggregate and mix water), then postcooling 
requirements can be eliminated.  However, this limitation on the initial concrete temperature 
increases the unit cost of the concrete.  By performing a NISA study, it may be possible to 
reduce or modify the mass concrete restrictions on the contractor and minimize the construction 
cost of the float-in structures.  As the U-shaped float-in miter gate bay structure is the most 
geometrically complex, it is the structure most likely to benefit from a NISA study.  It is 
recommended that a NISA study be completed for this structure.  If the NISA results indicate 
that construction cost savings may be realized by modifying the specificati ons in accordance 
with the findings of the analyses, then NISA studies are also recommended for the float -in land 
wall monolith and float -in landside wall diffuser monolith.  However, if the miter gate bay NISA 
results do not turn up any potential construction cost savings, then further NISA studies are not 
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necessary, and the mass concrete heat generation can be controlled as described in Section 9.8.  
The NISA study for the U-shaped float-in miter gate bay structure should be completed early in 
the next design phase so that possible additional NISA studies, on other structures, can be 
completed within the design schedule if the initial miter gate bay NISA study yields construction 
cost savings. 
 

In either case, an evaluation of the need for crack control jo ints should be completed 
during future design phases, but a NISA study is not necessary for this determination.  Either 
past experience or a simplified linear analysis should be sufficient for determining the necessity 
and spacing of crack control joints.  

 
The anticipated duration of the NISA studies is approximately 18 months, spread out over 

a two year period.  The total anticipated budget for this effort is approximately $500,000.  
 
 

23.3  SEISMIC ANALYSES 
 

For feasibility level design, the pseudostatic s eismic coefficient method was used in the 
seismic analyses that were performed.  For selected structures, such as the approach walls and 
nose piers, a dynamic analysis may be appropriate for future design phases.  If the impact 
loading governs, however, a refined seismic analysis is unnecessary.  As reductions in both 
impact loading and seismic loading are anticipated for future design phases, it is unknown which 
load case will govern the approach wall design.  
 

For the lock wall monolith designs, EC 1110 -2-291 states that “when Kh exceeds 0.2, this 
[pseudostatic] analysis results in structures that are excessively large.” (p. 5 -17)  As the MDE 
acceleration coefficient specified for feasibility level design is 0.2g, the seismic analysis results 
for the lock wall monoliths are currently borderline.  As seismic load cases governed several of 
the stability calculations, these designs (especially the anchoring of existing monoliths) may 
benefit from dynamic analyses.  On the other hand, preliminary seismological s tudy results 
indicate that the refined seismic accelerations may be lower than those used for the feasibility 
study.  In that case, if the seismic load conditions no longer govern the design of the wall 
monoliths, then refined seismic analyses may be unnec essary.  Further screening will be required 
when the seismological study is completed.  

 
The seismological study will be completed early in the next design phase, and it will 

include a determination of the appropriate ground motions for the OBE and MDE load  cases at 
the J. T. Myers site.  If the ground motions are determined to be excessive or borderline, or the 
design of the major structures are controlled by seismic load cases, then dynamic analyses will 
be performed for these structures. 

 
In the breakdown of future design costs, funds will be budgeted for the, potentially 

required, dynamic analyses of major structures at the J. T. Myers site.  If needed, the anticipated 
duration of the seismic analyses is approximately 18 months, spread out over a two year  period.  
The total anticipated budget for this effort is approximately $300,000.  
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23.4  STUDIES TO MINIMIZE ZEBRA 
MUSSEL IMPACTS 

 
Zebra mussels are prevalent at the J. T. Myers Locks & Dam site.  Studies to investigate 

methods of minimizing the impact o f the zebra mussel infestation will be required during future 
design phases.  Currently, the proposed design is consistent with the existing structures and does 
not provide maintenance bulkhead sills upstream of the inlet area and downstream of the outlet.   
However, the existing structures were constructed prior to the current zebra mussel infestation.  
Construction of these sills may or may not be economically justified.  Consideration of these 
structures, and other methods to minimize the effects of zebra  mussels on lock operations and 
maintenance, should be completed during future design phases in order to develop a cost 
effective approach to zebra mussel management.  
 
 

23.5  FLOOD PLAIN ANALYSIS 
 

During future design phases, a flood plain analysis may be required in order to evaluate 
the effect of the disposal mound (formed from material excavated for the 600’ lock extension) on 
the water surface elevations during flood events.  The geometry of the proposed disposal mound 
is shown in Drawings 8.3A and 8.3B. 
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